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the annelid Chetopterus the first maturation spindle forms 
the unfertilized eggs after they are shed the sea-water, and 
develops the stage the mesophase Here remains 
standing without change, may for hours, unless the egg 
fertilized otherwise effectively stimulated. The eggs can 
obtained Woods Hole unlimited amounts for period 
about two months during the summer, and they may taken 
from the worms any time day they furnish ideal material. 
The possibility experimenting directly definite stage 
the karyokinetic figure naturally suggested the material 
itself, and propose give here account the results 
experiments with centrifugal force, which have been carried 
during four successive seasons, far they are related the 
karyokinetic figure. communication the results was made 
before the joint session the Central Branch the American 
Society Zoologists and Section the American 
Association for the Advancement Science held Chicago, 
December, 1907, and abstract was printed Science, S., 
Volume pp. June 12, 1908. 

The principal advantage this material, aside from its availa- 
bility and abundance, that offers the rare opportunity 
experimenting definite and fixed stage the karyokinetic 
figure. the stage question the forces concerned karyo- 
kinesis have reached certain balance which maintained in- 
definitely, until the equilibrium upset the conditions initiated 
entrance the spermatozoon some other effective change. 
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The action potassium chloride appears quite specific 
this respect, was first discovered Mead and since 
described Loeb and myself Such agents set 
motion the series karyokinetic processes, which are then car- 
ried through their completion. But even violent mechanical 
disturbances, such are produced shaking centrifuging, 
cause only temporary disturbances, and the equilibrium the 
mesophase karyokinesis soon reéstablished. The methods 


Fic. Section egg Chetopterus the stage used for the 
See text for description. karyokinetic figure; central spongy area; inner 
dense zone outer spongy area; ectoplasmic layer outer dense zone. 


which the regulation, regeneration, the karyokinetic 
figure brought about after centrifuging appear have 
some bearing the problem the nature the dynamical com- 
plex represented the karyokinetic figure. 

Fig. shows the typical condition the eggs before centri- 
fuging. The animal hemisphere contains large karyokinetic 
figure the mesophase with nine chromosomes the equatorial 
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plane. The outer pole the spindle practically contact 
with the surface the egg, which slightly depressed the 
pole. The centrosome the outer pole smaller than that 
the inner pole. The rays cross very extensively opposite 
the equatorial plane; indeed, rays from the outer pole may extend 
inward beyond the level the inner pole, and rays the latter 
may extend nearly the surface the egg. the spindle 
itself, there the usual distinction between mantle fibers attach- 
ing the chromosomes the two poles and central spindle fibers 
running from pole. The interfibrillar spaces are perfectly 
clear. The only asymmetrical feature the spindle the some- 
what smaller size the outer pole and the difference arrange- 
ment the rays the two poles, owing the proximity the 
outer pole the surface the egg. 

All eggs show great uniformity, but there may slight differ- 
ences between eggs the same lot the following respects 
(1) some the outer pole not actually attached the sur- 
face produce depression, but may removed from the 
surface distance about twice the diameter the outer 
centrosome. There thus variation the firmness fixation 
the spindle the animal pole. (2) There some variation 
the intensity, that is, the length and strength the astral 
rays, which appear less well developed some cases than 
others. cases, they cross considerable extent the 
equatorial plane. 

The evidence that presented furnished the results 
centrifuging the eggs varying speeds and for various times. 
form proper conception what happens absolutely 
essential understand the effects centrifugal force the pro- 
toplasm. Ina previous paper presented analysis this 
subject and showed that the fundamental structure the egg 
represented the conformation the ground substance not 
essentially modified the centrifugal force most some- 
what distorted. the other hand, the granules suspended 
the ground substance move through the latter central 
distal direction, depending their relative specific gravities, and 
arrange themselves three strata: the stratum nearest the axis 

the centrifuge course least specific gravity consti- 


4 + j 
; 
4 
4q 
q 
q 
4 
a 
‘ 
q 
é 


104 FRANK LILLIE, 


tutes cap granules intermediate size that give fatty reac- 
tion with osmic acid and are soluble oils. The intermediate 
stratum, forming /yaline band, contains very minute granules 
that take the basic stain they may therefore called basophile 
granules. The distal stratum occupies the distal hemisphere 
the egg and composed larger granules yellow tinge, usu- 
ally called yolk granules, which take the acid stain and may 
known collectively acidophile granules. The chromatin and 
the spindle have the same specific gravity the basophile gran- 
ules, proved the fact that they are found the hyaline 
band when they move freely. 

The movements the granules, and consequently their segre- 
gation, are modified differences resistance within the ground 
substance. The latter has four concentric zones (Fig. 4), (1) 
central more fluid area (Fig. 2), (2) adense zone bound- 
ing the latter (Fig. 3), (3) second more fluid zone specially 
developed the region the spindle (Fig. 4), and (4) 
ectoplasmic zone defective the outer end the spindles (Fig. 

All zones contain both basophile and acidophile granules (Fig. 
1). Under the action centrifugal force, therefore, the granules 
move relatively freely through the more fluid zones and are im- 
peded movements the denser zones. The consequence 
that when low centrifugal speeds short duration are used, 
there tendency for the granules aggregate the dense 
zones. Thus the basophile granules the central more fluid 
area aggregate the central end the dense zone bounding 
(Fig. and the acidophile granules the distal end. The 
basophile granules the outer fluid zone aggregate proximally 
with reference the axis the centrifuge and the acidophile 
granules aggregate distally, and therefore lie external the inner 
dense zone and within its walls, but not pass through the 
latter enter the central more fluid area (Fig. 2). The most 
important these aggregations with reference the interpreta- 
tion the karyokinetic figure the dasophile cap found the 
central end the inner dense zone (Fig. 

The distortion the ground substance the following 
character: (1) the egg invariably somewhat elongated the 
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line action the centrifugal force, owing the differential 
force between centripetally and centrifugally moving granules 
(2) the principal part this elongation born the massive, 
external, more fluid zone, which stretched more the centrip- 


onds radius cm, 2-2 indicates the direction the centrifugal force; 
ectoplasmic basophile cap; g.c., gray cap, fatty granules (dissolved 
out the oil used preparation); hyaline band; spongy area. This 
egg was stained iron hematoxylin and orange 


etal side, the consequence being that the inner fluid area and its 
dense bounding zone lie the centrifugal side the middle 
point the elongated egg (Figs. and 

The spindle itself may moved result centrifuging. 
The simplest cases are those which the outer end remains fixed 
and the inner end swung from its radial position. 
ing appears due distortion the ground substance with 
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the result that the inner dense zone presses one another 
direction the spindle and displaces its inner end. other 
cases the spindle moved some distance from the surface into 
the hyaline band; this result more commonly found with the 
higher centrifugal powers. 

The normal relation the spindle the zones the ground 
substance illustrated Figs. and The inner end 
the spindle reaches the inner dense zone and its antipolar rays 
are embedded the latter, which indented the 
now the centrifugal force acts parallel the axis the egg with 
the animal pole central position, the egg elongates this 
axis. outer end the spindle remains attached the sur- 
face, the inner end tends withdrawn from the inner dense 
zone, and the basophile cap formed lies outside the area 


Fic. diagram zones the ground substance the normal egg and the 
relations the spindle. diagram illustrate the effect centrifugal force the 
ground substance and spindle acting the direction the arrow. karyokinetic 
figure central spongy area control egg; 2-2, direction action centrifugal 
force inner dense zone; outer more fluid zone; ectoplasmic zone. The 
numbers have essentially the same significance Fig. basophile 
gray cap; hyaline band. 


the spindle. If, however, the inner end remains fixed, the outer 
end withdrawn from the surface, and the inner end embedded 
the basophile cap. 

the centrifugal force acts right angles the axis the 
egg, the inner end the spindle tends swung ina proximal 
direction, (Figs. and both because the specific gravity 
the spindle whole carries that direction, and also because 
the contraction the egg its own axis brings the dense zone 
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nearer the animal pole and thus exerts pressure the spindle. 
Many cases this kind are found. 

the animal pole distal position the centrifuge the 
spindle must subjected rather violent assaults first, because 
its specific gravity tends drive towards the opposite end 
the second, because the basophile granules are streaming 
away from and the acidophile granules rushing in, and third, 
because the inner dense zone approximated this pole (Fig. 
not found any eggs with the spindle fixed the 
distal pole after centrifuging, and therefore forced assume 
that all cases which the centrifugal force acts this direc- 


the spindle torn loose from the surface and moves into 
the hyaline band. 


Fic. diagram the zones the ground substance the normal egg and 
the relations the spindle. diagram illustrate the effect centrifugal force 
the ground substance and spindle acting the direction the spindle. Num- 
bers and letters Fig. 


Intermediate directions action the centrifugal force will 
affect the protoplasm and the spindle ways easy deduce 
from the above. 

the above analysis the effects centrifugal force cor- 
rect, even partially so, have distinguish between those 
cases which granules are driven out of, into, the area the 
karyokinetic figure, and those cases which the spindle has 
moved its position. obvious that both conditions may occur 
simultaneously indeed, probable that this almost always 
the case. 
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paper 1906, described and illustrated naked 
spindle with centrosomes its ends, but practically radia- 
tions. This spindle was found egg that had been centri- 
fuged about 2,000 revolutions minute radius cm., 
killed picro-sulphuric acid, sectioned, and stained Delafield’s 
time, was not paying special attention 
the question analysis the karyokinetic figure, and re- 
garded the case typical. 

When repeated the experiments the summer 1906, with 
special reference the analysis the karyokinetic figure, soon 
found that the condition naked spindle after centrifuging was 
not typical; the contrary, extremely rare and excep- 
tional. Well-developed asters are the rule after centrifuging, 
though they may exhibit certain asymmetries other modifica- 
tions the normal condition. Either, then, the rays must per- 
sist spite movements the spindle and passage granules 
through them, the naked spindle must have formed new 
radiations. 

Presumably the latter process would require time, and there- 
fore seemed possible that special pains were taken fix the 
eggs the shortest possible time after centrifuging, one might 
find least considerable proportion naked spindles. But 
this also proved vain expectation. Typically, astral radiations 
are well developed after centrifuging and this the case 
matter how quickly the eggs are killed, nor whether the speed 
high low, within the limits the actual experiments. 

therefore considered the possibility fixing the eggs during 
the action the centrifugal force, but did not see clearly how 
compass this end and the experiment was never performed. 


Every case which can demonstrated that the spindle 
has moved through the cytoplasm furnishes test between 
mitome and centrosome hypotheses. the visible rays are 
organic radii attached the poles the spindle (mitome hy- 
pothesis), they must disarranged each movement the latter, 
and movements the spindle different angles its own axis 
must produce different characteristic modifications the rays 
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the aster. the spindle moves the direction its own axis, for 
instance, the rays the forward aster must tend bent back 
about the spindle, and those the other aster away from the 
axis. Similarly, there should definite configurations charac- 
teristic every angle and amplitude movement. But, the 
rays are expressions forces centered the poles and are there- 
fore composed oriented particles (centrosome hypothesis), such 
disarrangement the radii would not expected result from 
movements the spindle, except the extent involved the 
inertia the substances concerned. 

kill the eggs the shortest possible time after centrifuging. 
The tube was removed from the quickly pos- 
sible, the water poured off and the killing fluid poured imme- 
diately. Therefore, two three seconds after the centrifugal 
force had ceased act the eggs were submitted the action 
the killing fluid. Such eggs were sectioned and stained. 

The cases that interest most here are those which the 
spindle found detached from the surface, because obvious 
that such spindles have been moved from their original position 
The entire karyokinetic figure such cases may perfectly 
symmetrical found protoplasm uniform composition. 
But differences the composition the protoplasm within the 
area the karyokinetic figure are correlated with asymmetries 
the figure itself which are considered beyond. the outer 
pole the spindle withdrawn from the surface found 
possess well-developed antipolar rays, although these were en- 
tirely wanting before centrifuging (cf. Fig. 5), and the astral rays 
are symmetrical around both poles, although organic 
would naturally distorted such displacement the cen- 
that the astral radiations such cases must regarded new. 
The case course analogous the shifting sperm asters 
fertilization. the present case, however, know the time 
readjustment very short, one minute the outside, and 
the initial and reconstructed conditions are before for com- 
parison (cf. Figs. and 5). 

Similar cases are numerous eggs that have been submitted 


— 
é 
4 


FRANK LILLIE. 


avery strong centrifugal force, 7,500 revolutions one minute 
radius cm., because the end effect such centrifuging 
produce uniform arrangement basophile granules the 
hyaline band, into which the spindle also driven. there- 


Fic. Section egg Chetopterus centrifuged 1,150 revolutions sec- 
onds radius cm. primary axis the 2-2, direction action 
the centrifugal force, secondary axis; basophile cap; g.c., gray cap; 
hyaline band spongy area. egg was stained thionin and orange 


fore never find such particomposition spindles low powers 
the centrifuge (see beyond). The karyokinetic figure usually 
symmetrically developed after the strongest centrifuging spite 
the fact that rearrangements granules are more extensive 
than with lower centrifugal powers. The reason for this must 
lie the uniform character the protoplasm, which produced 
the hyaline band strong centrifuging. 


a 
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single example this kind would not convincing 
itself, for might maintained that the egg question deviated 
originally from the norm the control eggs. But when such 


Fic. Section egg Chetopterus centrifuged 7,800 revolutions one 
minute radius The egg was killed Flemming’s fluid, and the fat 
granules the gray cap are stained black. The spindle blocks fat granules passing 
ec., ectoplasmic spherules endoplasmic spherules; fat granules blocked 
the spindle; g.c., gray cap; hyaline band. 


condition found the type hundreds eggs different 
experiments with considerable deviations, the case 
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experiments, becomes conclusive argument for the re-forma- 
tion rays successive positions the spindle, condition that 
can explained only the centrosome hypothesis. 

Among the numerous cases find some which the anti- 
polar rays are very slightly developed doth ends; and various 
intergrading conditions that seem indicate stages the forma- 
tion new rays. 

the case eggs submitted low centrifugal force 
occasional karyokinetic figure found with distorted astral rays. 
But such condition must occur transition stage every 
case spindle movement the centrosome hypothesis, because 
the mere viscosity the medium and the inertia the oriented 
particles. The occurrence such conditions therefore 


expected, and does not furnish any argument against the center 
force hypothesis. 


GRANULES INTO THE AREA THE 
KINETIC FIGURE. 


The three classes granules, basophile, acidophile, and fat, 
may moved into the area the karyokinetic figure. Asa 
general proposition may say that fatty acidophile granules 
driven into the area aster tend destroy the radiations and 
are not themselves arranged lines. forced into the spindle 
itself, they tend disarrange its fibers. the other hand, 
basophile granules that are driven into the area the asters 
spindle not, apparently, destroy the existing rays fibers, 
and are themselves arranged conformably the lines the 
figure. 

need not dwell long the statement concerning fatty 
and acidophile granules. sufficiently supported Figs. 
and regards the asters. traces rays are left in- 
vaded areas the asters except that the scanty basophile gran- 
ules between the fatty acidophile granules may show slight 
radiate tendency centered the poles the spindle. There are 
detached rays, traces broken down threads the periph- 
eral ends rays invaded areas always disappear absolutely. 

Serious disarrangement the fibers the spindle found 


fatty acidophile granules are driven into it. Such cases are 
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relatively rare, but the disarrangement may much more con- 
siderable than the case illustrated (Fig. 7). The ends the 
spindle may much spread out and the chromosomes may 
turned around right angles their normal orientation. 

The effect the introduction basophile granules into the 
area the karyokinetic figure is, however, entirely different. 
They cause disarrangement, but appear become oriented 
like the rays the aster, the fibers the spindle. The evi- 


seconds radius cm. Killed Flemming’s fluid. The figure represents 


the centripetal half the egg. Fat granules have entered the spindle and destroyed 
part its structure. 


dence for this conclusion based the behavior the dense 
aggregation the basophile granules found the central end 
the inner dense zone after the action low centrifugal powers, 

The heavy stain the basophile cap lies entirely the gran- 
ules, not all the ground substance. true that the 
ground substance between the granules appears darker the 
basophile cap than elsewhere, but this effect due the light 
passing through basophile granules lower focus. thin 
sections not evident all. The conclusion really proved 
the fact that such effect seen only the basophile cap, 
and that this may lie any part the wall the dense zone, 
depending the direction action the centrifugal force. 

Let note first that the granules that compose the baso- 
phile cap have uniform distribution when remote from the 
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spindle (Fig. 2). What happens when they are driven into the 
area the karyokinetic figure? few examples will illustrate 

The egg shown Fig. was allowed stand sea-water 
about minutes, then centrifuged 1,150 revolutions sec- 
picro-acetic acid. was one large number. Sections were 
cut thick and stained iron hematoxylin and orange 


Fic. Section egg centrifuged 1,150 revolutions sec- 
onds radius Half the karyokinetic figure lies the basophile cap. 
See text for further description. 


All the sections this egg are present the slide. The figure 
represents single section which includes practically the entire 
spindle and all nine chromosomes. The plane the section was 
nearly transverse the axis stratification and approximately 
tangential the basophile cap; but the right side the sec- 
tion passes nearer the distal pole than the left side and 
therefore takes good deal the distal acidophile stratum 
this side, while the left side the section confined the 
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hyaline band. The granules the ectoplasmic layer are ap- 
parently unaffected the centrifugal force. The karyokinetic 
figure has been moved little, all, proved the fact 
that there indentation opposite the outer pole, and the 
relation the ectoplasmic layer which exhibits the character- 
istic defect around the outer pole the spindle, which described 
first paper. 

That portion the karyokinetic figure lying within the baso- 
phile cap partakes its character, and sharply differenti- 
ated from the remainder the figure the basophile cap itself 
differentiated from the protoplasm the hyaline band. 
the nature these differences: (1) the stain much darker 
within the basophile cap; (2) the rays the aster are more 


Fic, Transverse section parti-composition spindle. From section egg 
Chetopterus centrifuged 1,150 revolutions seconds radius cm. 


Half the section the spindle lies the basophile cap. See text for further 
description. 


numerous than the control (Fig. and also more granular 
they are fact obviously made linear arrangements 
basophile (3) the spindle itself more darkly stained 
within the basophile cap than outside this pertains the 
fibers themselves, but would not venture say that the fibers 
are more numerous. 

Where fiber either the spindle the aster crosses the 
boundary between the basophile cap and the hyaline zone its 
character changes. Rays the aster never extend into compact 
mass acidophile granules, hence the present figure ‘is less 
developed the right side than the left. 

Fig. represents tangentially the basophile 
cap. The contour the spindle perfectly regular, but its 
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composition heterogeneous. For the rest, exactly the same 
principles apply Fig. except that astral rays are not very 
numerous the basophile this due the fact that the 
section near the margin the cap and contains therefore 
large proportion acidophile granules. 

Fig. finally transverse section across spindle lying 
partly and partly out very dense basophile cap. 
obvious that the spindle area has been invaded one side 
the basophile granules. These are fact numerous and are 
stained deeply that they almost conceal the chromosomes 
embedded them. The concentration the granules within 
the spindle area thus extremely different the two sides, but 
each side precisely the same the neighboring 
cytoplasm. 

These cases are typical large number preparations. 
obvious that there great difference the fatty and acido- 
phile granules the one hand and the basophile granules 
the other, with reference their effect the karyokinetic figure. 
The former efface any part the figure which they occupy, the 
latter are arranged conformably the lines the figure. This 
difference not conceivably mere question size, rather 
question specific behavior. The basophile granules behave 
though they were within effective range centers force 
which they are permeable the fatty and acidophile granules 
the other hand behave impermeable particles would behave 
such field. 

worth while examine this idea more carefully because 
the center force hypothesis alone can render account the 
results these experiments. Theoretically, center force 
hypothesis the following results might expected: (1) That 
the number radiations from the center would factor 
the density aggregation the more permeable particles the 
number permeable particles within the effective area were 
greatly increased the number rays should therefore become 
greater. (2) Thenumber oriented particles the same length 
any ray should also factor the density aggregation 
the permeable particles. 

would therefore expect the center force hypothesis 
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the karyokinetic figure that, the basophile granules are per- 
meable the force, (1) they would oriented along the lines 
force when driven into the area the karyokinetic figure (2) 
that the number rays unusually dense aggregation 
basophile particles would greater than usual and (3) that the 
number oriented particles each ray such cases would 
greater than usual. 

These appear the conditions found experiments. 
With reference the first condition, there can question that 
the basophile granules arrange themselves conformably the 
lines the karyokinetic figure, already noted. With reference 
the number astral rays one obtains strong subjective im- 
pression that they are more numerous the basophile cap than 
the asters control eggs, and have attempted confirm this 
actual counts. this necessary divide the aster 
into sectors for comparison, for the reason that asters lying en- 
tirely within the basophile cap not occur, owing the form 
the basophile cap. have therefore made comparisons be- 
tween sectors the normal aster and asters the baso- 
phile cap. One has further restrict the count limiting 
single focus the microscope. Under these conditions 
found average rays the sector the normal aster 
(eighteen counts) and 12.5 sectors asters the baso- 
phile cap (six The difference seems too great ac- 
counted for error. The counts confirm the impression that 
one receives mere comparison. not think that such in- 
crease the number rays sector the aster could 
explained compression preéxisting rays from other sectors 
the same aster, for they are quite uniformly spaced and are 
straight and regular the normal rays. 

regards the third condition: rays within the basophile cap 
stain more strongly than those but the stain held 
the granules, this would evidence for greater number 
granules the rays. ray that passes out the basophile cap 
loses suddenly intensity staining (Fig. 8). 

The spindle decidedly denser than the surrounding proto- 
plasm this has been noted several investigators (cf. Foot 
and Strobell (p. 221), and McClendon). The same thing 
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shown some the phenomena centrifuged eggs; when, 
for instance, the direction centrifugal force right angles 
the axis the spindle, granules must stream it. Now the 
density the spindle area more than that the surround- 
ing ground substance and there repellent force from the 
spindle, such granules would pass through the spindle readily. 
But the contrary they are blocked the spindle, and heap 
against it. Fig. illustrates this condition. The accumula- 
tion granules the distal side the spindle fatty char- 
acter, least the granules are blackened Flemming’s fluid 
which was used for killing, and they are the same character 
those accumulated the proximal pole. pathway such 
granules runs from the pole the spindle towards the proximal 
accumulation, rendering the interpretation certain. can 
readily believe, therefore, that the relatively dense spindle moves 
unit through the protoplasm. then, thrown into the 
basophile cap, will naturally tend maintain its character 
many such cases are fact found. other cases, the part 
the spindle within the basophile cap partly changed, partly un- 
changed but very many cases the part within the cap com- 
pletely changed, that the staining reaction the spindle agrees 
with that the cap. 

Whether consider the movements the karyokinetic figure 
produced within the egg centrifuging, whether consider 
the results driving granules into the area the karyokinetic 
figure, the general conclusion that the poles the spindles are 
antagonistic could behave way. The difficulties 
that the centrosome hypothesis has meet are well known, and 
their discussion does not enter within the scope this contribu- 
tion, which sense by-product another problem. 
shall therefore satisfied merely present the evidence and 
indicate the direction which appears point. 

the development the karyokinetic figure, the rays 
fibers appear grow out the centers the time the 
mesophase least, and this must due increasing power 
the centers. Ina magnetic model the other hand the orienta- 
tion particles along the lines force takes place simultane- 
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ously segregation along their entire course (Hartog, 
Now experiments give conditions quite similar magnetic 
models this respect, for the reason that the centers displaced 
the mesophase are the condition maximum force. 

The fact that the experiments deal only with this stage the 
karyokinetic figure limits the results ways that fully realize. 
But this more than compensated the advantage knowing 
the precise stage the karyokinetic figure with which the opera- 
tions deal. The attempts obtain comparable results other 
stages have been unsatisfactory, because any other stage 
motion and the control eggs vary much that interpretation 
results becomes very uncertain. 
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THE SPERMATOGENESIS AGALENA 


LOUISE 


INTRODUCTION. 


study the spermatogenesis the Araneina offers field 
unusual interest the investigator not only because the 
seemingly aberrant form the mature sperm cells but also be- 
cause the presence conspicuous accessory chromosomes 
many species. One needs only read over the list subjects 
recent cytological literature realize how much interest 
present centered upon the development the germ cells 
whole and especially upon certain chromosomes which behave 
peculiarly and which are designated various names chro- 
mosomes (de Sinéty), and 
son). Nearly two decades ago, Henking his work upon 
Pyrrhocoris, discovered and described chromatin element which 
took part only one the spermatocytic divisions and there- 
fore caused dimorphism the spermatozoa but did not appar- 
ently see the relation between this element and the chromatin 
nucleoli the resting stage nor did offer any suggestion 
its significance. Since the publication Henking’s work, scores 
papers insect spermatogenesis have appeared but excel- 
lent reviews this literature have already been given more than 
once, seems superfluous review here. Suffice say 
that now well-established fact that among the Hemiptera, 
least, dimorphism the spermatozoa the rule and further- 
more that the dimorphism due the unequal distribution the 
heterochromosomes their being unequal size. the 
myriapods, also, has found the same 
dimorphism the spermatozoa. 


Thesis presented the faculty the Graduate School the University Penn- 
sylvania partial fulfilment the requirements for the degree Ph.D. 
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Outside the insects and myriapods, heterochromosomes have 
been reported the Araneina only and yet this unusually 
beautiful and interesting material has not only been comparatively 
neglected, but there has been marked discrepancy the results 
the few who have worked upon it. far know, the only 
published work upon the development the male germ cells 
spiders which has been done under sufficiently modern methods 
myself 1900, Montgomery, Bosenberg and myself 1905 
and Berry 1906. With the hope harmonizing the results 
the above-mentioned authors and correcting and expanding 
own earlier results the present work was undertaken. has 
seemed best use the common tube-weaving spider, 
again the basis investigation, although number 
genera have been studied order illustrate some points. 
While former conclusions regard the behavior the 
ordinary chromosomes are now only verified and strengthened, 
those upon the distribution the accessory chromosomes and 
upon the nature the degenerating cells need considerable re- 
vision. After careful reading the literature the subject 
and after examination testes various genera, con- 
vinced that before long generalizations can made spider 
spermatogenesis and that contradictions are mainly due differ- 
ences observations and not radical differ- 
ences existing the developmental history the germ cells 
themselves. 

investigations were carried the Zoological Laboratory 
the University Pennsylvania and gives pleasure 
warmly express indebtedness Professor Conklin for the 
kind interest with which has followed the progress work 
and his helpful suggestions and encouragement. 


MATERIAL. 


Most material was collected the state Massachusetts 
where the breeding season does not begin, usually, 
until the last week August and continues until late Sep- 
tember. mid-summer the testes are largely made pri- 
mary spermatocytes the growth period while May and the 
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early part June they consist mainly spermatogonia. 
Philadelphia the breeding season occurs week two earlier 
than does Massachusetts. Late the fall the male spiders 
are fewer number than the female spiders owing the fact 
that they are more often overcome and eaten their mates. 
Most the adult spiders perish the approach cold weather. 

The testes are translucent, slightly convoluted tubular organs 
and can easily seen they lie inbedded the voluminous, 
brown liver which mature specimens occupies the greater part 
the abdominal cavity. very young spiders, however, 
often difficult distinguish the testes from the whitish, tubular 
spinning-glands lying beneath them. com- 
paratively simple matter determine the sequence stages 
the development the germ cells cross-sections the 
testes the least mature cells are always the periphery, and they 
increase maturity toward the lumen. Sometimes single 
cross-section can found spermatogonia, spermatocytes, sperma- 
tids and mature spermatozoa. the height the breeding 
season the lumen and the ducts are filled with quantities ripe 
spermatozoa and degenerating cells. was first discovered 
Menge the male spider has the peculiar habit spinning 
small, delicate web and depositing upon minute drop 
seminal fluid which then taken into the fine, coiled tubes 
the pedipalps preparatory its introduction into the receptaculum 
seminis the female. This process can readily observed 
spiders kept captivity during the breeding season and Mont- 
gomery has given detailed description number 
genera. teasing out the contents the storing-organs 
the pedipalps one can obtain abundance spermatozoa which 
are sure mature. 

METHOD. 


The spiders were beheaded and the testes dissected out the 
killing fluid. This method renders easy their removal from the 
body and insures rapidity fixation. Among the various fixing 
fluids used were Zenker’s fluid, Gilson’s mercuro-nitric, Gilson’s 
acetic alcohyl with sublimate, Hermann’s fluid and Flemming’s 
fluid, strong solution. Flemming’s fluid gave slightly better 
results than Hermann’s and both these fluids gave vastly better 
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preparations than the others mentioned although all were useful 
some ways. 

Ripe spermatozoa from the pedipalps were smeared glass 
slide and well fixed heating the boiling point. Smear prepa- 
rations, after the method Foot and Strobell, proved value 
for the mature sperm cells but were disappointing for the earlier 
stages. This may due the fact that the chromosomes are 
large and numerous and even when the nucleus spread out 
extremely thin film, they become heaped upon one 
another that not possible count them accurately. smear 
preparations compared with those treated with fixing fluids, 
evident that the latter cause considerable shrinkage and tissues 
fixed Flemming’s fluid for few hours show less shrinkage 
than those fixed for fifty hours more but the latter method 
brings out strongly the centrosomes and spindle fibers. 

Heidenhain’s has been chiefly relied upon 
for staining gave the finest results almost every particular 
but beautiful preparations were also obtained with Hermann’s 
triple stain. one grants that the different reactions 
staining reagents are safe criterion the endeavor differen- 
tiate nuclear elements, since the same structures not always 
stain the same way during the various phases development. 
often helpful and this 
especially true when dealing with the accessory chromosomes. 
Their whole history can made out clearly 
preparations but when Hermann’s triple stain used, their affinity 
for the safranin times when the ordinary chromosomes the 


chromatin granules take the violet, makes them stand out 
striking manner. 


OBSERVATIONS. 


young spiders, early the summer, the testes are wholly 
made spermatogonia and, unlike most forms, these cells 
mitosis are almost equal size the spermatocytes the growth 
period. metaphase the rod-shaped chromosomes are 
numerous, probably fifty more, and packed together, 
that polar views impossible make even approxi- 
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mately accurate count them (Figs. and 2). was also not 
found possible identify this stage the accessory chromosomes 
among the other rod-shaped chromosomes. The centrosomes 
are quite distinct and the spindle fibers have tendency bulge 
out, forming spindle with convex sides. This probably owing 
the large size the chromosomes and the large number 
fibers which must accommodated between the centrosomes 
and the equatorial plate. division the rods split longitudinally 
and the resultant halves move toward the opposite poles. 
anaphase two pairs daughter chromosomes appear distinct from 
the others both account their large size and because they 
are slower passing the poles (Figs. and 4). While this 
might well looked upon simply case retarded division, 
the light what follows seems probable that they are the 
accessory chromosomes which have the form pair rods 
throughout the greater part their subsequent history. 
telophase the ordinary chromosomes gradually become granular 
but their identity still traceable the loose, irregular masses 
scattered through the nuclear cavity. These masses stain but 
faintly, and preparations, when the extrac- 
tion the dye has not been carried further than usual, they are 
nearly colorless. The accessory chromosomes, the other 
hand, retain the rod-like form and lie near the periphery the 
nucleus. 


Fig. shown the early prophase the primary sperma- 
tocyte which the chromatin masses are becoming looser, more 
granular, until finally the processes adjacent ones meet the 
threads the linin reticulum. The nucleus swells with the 
accumulation nuclear sap and the same time the cytoplasm 
reduced toa rather thin layer around the swollen nucleus. 
The accessory chromosomes lose their rod-like form and appear 
two densely staining, chromatin nucleoli often lying some 
distance apart (Fig. 6). Later these two chromatin nucleoli 
approach one another and finally unite form single, large, 
irregular mass which conspicuous body resting stage 
(Fig. 7). This followed the contraction stage when the 
whole cell noticeably reduced size and the nuclear contents 
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are contracted away from the membrane. this time the 
nucleus stains deeply that only after long extraction can any- 
thing learned its structure and even then one can merely 
say that the chromatin appears the form dense 
reticulum. apparently this stage that synapsis occurs, 
reducing the number chromosomes half the spermatogonial 
number. The large, chromatin nucleolus the resting stage 
has again resolved itself into two peripherally placed rods shown 
longitudinal and cross sections (Figs. the close 
the contraction stage the growth period introduced 
evident increase the size the cell and the nucleus. the 
nuclear elements become spread out the enlarging cavity 
comparatively easy see what condition they are. The 
chromatin now the form irregular granules distributed 
along the delicate loops the spireme. The loops are long 
and often twisted bent, that their number was not de- 
termined nor could ascertain whether not the spireme 
continuous but taking what evidence one can gather from 
this stage, together with study slightly later stage, 
seems probable that the loops are distinct from each other and 
that the segments the spireme are the reduced number 
(Figs. and Later the nucleus enlarges still more, allow- 
ing the loops stretch out fully and now clear that the 
spireme segmented, the free ends the loops all being directed 
toward one side the nucleus (Fig. 12). The linin thread 
delicate, first, and the chromomeres undivided, but later split 
runs throughout the length each loop, dividing the chromo- 
meres equally. Sometimes the latter appear large after the split- 
ting before but this readily explained when one considers 
that meanwhile the loops have shortened and have crowded 
the chromomeres into larger groups. first glance the acces- 
sory chromosomes, account their great staining capacity, 
appear have maintained their peripheral position but careful 
focusing reveals the fact that they are now completely sur- 
rounded the spireme loops (Fig. 13). cross-section the 
same stage shown Fig. the accessory chro- 
mosomes have moved more central position the nuclear 
cavity, their outer ends are still near the membrane and are 
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always directed toward that part the cell which contains the 
greatest amount cytoplasm and which the centrosome lies. 
This pole has been called Montgomery the distal pole. The 
closed ends the spireme loops are directed toward the opposite 
central pole. The same relative position the loops, the 
accessory chromosomes and the centrosome retained through- 
out the growth period and gives striking evidence cell polarity. 
slightly later stage the accessory chromosomes seem 
simulating the structure the spireme limited degree. 
They temporarily lose their compact form, become distinctly 
granular and extend length over about two thirds the 
diameter the nucleus (Fig. 15). Gradually they shorten 
again and conjugate side side, the union usually first taking 
place the end directed toward the central pole and progressing 
toward the distal pole (Fig. 16). Cases are found which the 
union begins simultaneously the two extremities, giving 
ring-like form. After the union completed they appear asa 
single mass when viewed either longitudinal cross section 
(Figs. and 18). Whether this conjugation complete 
fusion the two elements occurs whether merely close 
approximation, unable say, but soon the single mass 
again split into the two characteristic rods. 

When the longitudinal split the spireme has reached its 
widest extent, some the loops still extend nearly across the 
nuclear cavity but later they begin draw down toward the 
distal pole. the shortening continues, the longitudinal split 
becomes less and less evident but indications can detected 
atalate stage. Judging also from the subsequent history believe 
that the split persists, being merely lost sight the close 
approximation the two moieties during the process contrac- 
tion (Figs. the late prophase, the loops the spireme 
not only shorten but bend acute angle form V-shaped 
chromosomes which then open out into double V’s (Fig. 22). 
The chromatin these more less granular condition 
and leaving their former position the distal pole they are dis- 
tributed through the nuclear cavity. The rod-like accessory 
chromosomes remain unchanged both form and position. 
Soon the nuclear membrane disappears, the ordinary chromo- 
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somes, having reached their definitive form, become more com- 
pact and densely staining and spindle fibers appear (Fig. 23). 
metaphase all the double V’s are drawn into the equatorial 
plate and the plane division passes through the center each, 
giving rise single V’s which are carried the opposite poles. 
The accessory chromosomes lie the periphery the equatorial 
plate and are connected spindle fibers one pole only, 
single fiber passing from the centrosome each the two rods. 
the succeeding division they pass into but one the two 
daughter cells, that find half the secondary spermato- 
cytes with accessory chromosomes and half without them (Figs. 
24-26). Those containing the accessory chromosomes might 
Henking. polar views the telophase several sections 
were found which each the two accessory chromosomes 
showed distinct longitudinal precocious splitting 
which interest foreshadowing the division which occurs 
the following mitosis (Fig. 27). 

While the arms the V-shaped chromosomes are elongating 
and becoming sinuous twisted outline, conspicuous cell- 
plate forms and the constriction the cell body grows deeper 
(Fig. 28). Since the chromosomes are long and twisted this 
stage plain that even fairly thin sections there might occur 
more than one section single chromosome and therefore little 
dependence could placed upon the number counted succes- 
sive sections the same nucleus. Figures and show the 
next stage with the accessory chromosomes longitudinal and 
cross section respectively. The nuclear membrane has formed, 
the chromosomes are resolved into granules distributed the 
nuclear reticulum and complete division the cell body gives rise 
two daughter cells, the secondary spermatocytes. Even 
very late stage this process remains the interzonal fibers, 
with the cell-plate, are conspicuous. the late prophase the 
secondary spermatocytes there arises from the preceding resting- 
stage number slender, twisted chromosomes closely resem- 
bling those which entered the resting stage and not infrequently 
the accessory chromosomes show precocious, longitudinal split 
31). the ordinary chromosomes are drawn into the 
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equatorial plate prior the second maturation division, their 
V-shape becomes evident. The apex ‘the the point 
attachment the spindle fibers, and the free, sinuous arms ex- 
tend various directions away from the spindle axis, giving 
bushy appearance the mitotic figure (Fig. 32). 

account this arrangement the ordinary chromosomes 
now extremely difficult identify the accessory chromo- 
somes. Also the fact that they are present only half the 
secondary spermatocytes lessens the chances finding sections 
cut favorable plane for their identification. spite these 
disadvantages they can some cases clearly seen the 
equator the spindle where they lie near together and right 
angles the spindle axis. Sometimes indications the longi- 
tudinal split can detected (Fig. 33). 

The arms the V-shaped chromosomes shorten and thicken 
while they also become straight and densely staining. The plane 
division passes through the apex the V’s and the rod-like 
arms move the opposite poles. The accessory chromosomes 
divide along the line the longitudinal split and their resultant 
halves pass the opposite poles little more slowly than the 
ordinary chromosomes, They are also distinguishable their 
larger size. now apparent that one half the spermatids 
will favored containing two accessory chromosomes, 
while the other half will not favored (Figs. polar 
views the anaphase attempts were made determine the 
chromosomal number but after the care can give only 
the probable number. the majority cases twenty-five 
chromosomes were counted (Fig. 37), and their straight, rod-like 
form makes improbable that any them were counted twice. 
Occasionally twenty-four, twenty-six twenty-seven were 
counted, all them appearing ordinary chromosomes. 
seems now the reduced number must least twenty-five, 
instead nineteen given previous paper. telophase, 
before the nuclear membrane forms, the ordinary chromosomes 
again become slightly sinuous outline. The daughter cells 
must often move through considerable arc the process 
separating, sections are found showing two cells not yet com- 
pletely seperated and the same time showing approximately 
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polar views their respective chromosomes all one plane. 
The accessory chromosomes appear thick and heavy this stage 
(Figs. and 41). Later the ordinary chromosomes are lost 
view the chromatin reticulum and give rise the resting 
nuclei the spermatids. 


Transformation the 


One marked characteristic the spermatids that complete 
separation sister cells long deferred and the early stages 
the cell-plate and interzonal fibers are conspicuous the cyto- 
plasmic neck connecting the two cells (Figs. and 43). Near 
the cell periphery lies the centrosome from which extracellu- 
lar axial filament has grown out and this filament bears the 
center and the tip transparent vesicle which stains deeply 
The accessory chromosomes always lie near 
the distal pole the nucleus with their outer ends turned to- 
ward the centrosome, that here again have the cell-polarity 
beautifully shown the spireme stage. This ability 
orient the cell brings light the fact, already referred to, 
that sister spermatids must often undergo considerable rotation 
when they are drawing apart. Figs. and the inter- 
zonal fibers have apparently disappeared but all probability 
they give rise the idiozome claimed Bosenberg 
the center the cytoplasmic neck connecting sister spermatids 
there frequently more less evident enlargement which 
sufficiently general occurrence deserve mention and its 
center one finds the persistent mid-body (Zwischenkorper) even 
late stage (Figs. 46-51). portion the neck 
was called Wagner the 

The nucleus now takes form which bears strong resem- 
blance the contraction phase the growth period and were 
not that general occurrence beautifully fixed material, 
might thought due the harmful action the fixing fluid. 
The chromatin reticulum contracts toward the distal pole the 
nucleus into mass which stains intensely, while the greater part 
the nuclear cavity left empty filled with nuclear sap. 
The accessory chromosomes lie distinct vesicle least 
clear space which gives them prominence and although they 
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are closely pressed together the double nature this nucleolus- 
like mass easily demonstrated after long extraction iron- 
alum (Figs. and 47). what happens during 
ess contraction wholly the dark but later the nuclear 
cavity fully occupied delicate reticulum upon which the 
chromatin granules are distributed such finely divided con- 
dition that they show very slight affinity for staining reagents 
(Fig. 48). The centrosome has divided into proximal and dis- 
tal portion and the proximal centrosome has moved some dis- 
tance over the nucleus has possibly entered into its interior. 
During its passage gives rise intra-cellular filament which 
connects the proximal and distal centrosomes. The extra- 
cellular axial filament now larger and its vesicles have in- 
creased noticeably size. The accessory chromosomes are 
longer inclosed vesicle but unite side side into single, 
elongated rod which leaves its former position the distal pole 
and travels the central pole line nearly quite parallel 
with the cell-axis (Fig. 49). Following this stage the nucleus 
changes outline, becoming somewhat pear-shaped and the 
proximal centrosome, which has become large and irregular 
form, has passed over about one half the length the 
nucleus. The chromatin shows tendency collect one 
side the nucleus form the chromatin plate. half the 
spermatids the fused nearly fused accessory chromosomes 
occupy the center the chromatin plate, extending from the 
central the distal pole the nucleus, or, other words, 
from the anterior the posterior end the rapidly forming 
spermatozoon head (Figs. and 51). The chromatin plate in- 
creases size until all the chromatin reticulum involved 
the whole nucleus becomes much longer than broad with the 
extremities slightly curved. The sister spermatids now separate 
completely, the rupture occurring each side the connect- 
when present. Figure shows somewhat 
later stage where the transformation complete. The pear- 
shaped nucleus the spermatid has been transformed into the 
crescent-shaped head the spermatozoon and the chromatin 
compact that the whole head has dark, grayish hue after 
long extraction iron-alum. this late stage the 
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dimorphism the spermatozoa not concealed, for half 
them can darkly stained band extending along 
the middle the convex surface the head, from the anterior 
the posterior end, although fades out often near the hinder 
extremity. This chromatic band represents the fused and some- 
what modified accessory chromosomes whose distribution but 
one half the spermatozoa divides them into groups 
(Figs. and 54). 

the mature spermatozoon the distal centrosome more 
evidence, the axial filament has increased length and its 
vesicles have disappeared. Whether not the vesicles con- 
tribute their substance the axial filament grows length 
and whether not the latter supplied with cytoplasmic in- 
vestment, unable say. The proximal centrosome forms 
slight projection the lower side the head and probably 
corresponds the end-knob other forms. Wagner described 
which lies the point where the axial fila- 
ment joins the chromatin plate and Bosenberg regards the 
middle piece, rather the connecting the former 
term not being applicable the case the spider spermatozoon. 
the anterior end the head transparent, apparently 
cylindrical body which according Bosenberg, 
derived from the idiozome vesicle. Forming axis this apical 
body distinct fiber filament which projects beyond the 
apical body and bears deeply staining granule its extremity. 
cannot state positively the origin the apical granule the 
filament which bears but some preparations, after long ex- 
traction, there seen what appears delicate filament 
passing from the end-knob, through the anterior portion the 
head, and becoming continuous with the filament the apical 
body. The distinctness the filament within the head exag- 
gerated the figures. 

The spermatozoon now works itself free from the cell-body, 
the anterior end the head protruding The escape 
probably effected the contractions the head itself. Even 
after the posterior end the head has entirely lost its connection 
with the cell-body, the spermatozoon not yet ready pass into 
the lumen the testis (Fig. 55). First there occurs very 
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perceptible decrease size through closer and closer crowding 
the chromatin granules which compose the head and through 
contraction the nuclear membrane which incloses them. 
the contraction progresses the staining capacity diminishes, 
preparations, and the spermatozoon head has 
solid, grayish appearance. The accessory chromosomes, how- 
ever, can still recognized the purplish band the convex 
side the head. the second place, when reduction size 
end, the interesting process rolling coiling begins. 
The anterior ends the head bend toward one 
another until they overlap form ring-like disk-like body 
which well conceals the actual structure (Fig. 56). During the 
rolling process Wagner believed that the tail coiled itself into 
little, matted clump near the (end-knob) and was 
therefore finally inclosed the center the ring when the roll- 
ing the head was completed. Bosenberg, the other hand, 
thinks that careful focusing can detect the tail wrapped 
around the outer circumference the ring. own observa- 
tions lead agree with Wagner this point for partially 
coiled spermatozoa have seen extremely small, darkly 
stained mass which apparently depends from the end-knob and 
have seen evidence tail wrapped around the outer cir- 
cumference. Since both Wagner’s work and own has been 
done chiefly and Bosenberg’s descriptions mainly 
refer Lycosa, quite possible that both opinions are correct 
and that the method disposing the tail differs the two 
genera. When all the spermatozoa given cyst have 
almost altogether completed the process coiling, the cyst- 
wall ruptures and allows them escape into the lumen the 
testis and later into the sperm ducts. Even after they have been 
stored the pedipalps they remain coiled but can forced 
uncoil spread glass slide and heated the boiling point. 

the spermatozoa the proximal portion the ducts 
compared with those which have passed into the more distal 
portions, with those the pedipalps, there will noticed 
marked difference their appearance. Instead retaining the 
ring-like form, they become decidedly longer than broad and 
fixed material the chromatin shows tendency shrink away 
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from the outer wall leaving clear area between and the chro- 
matin mass. Wagner described the final form the spermato- 
zoon being rod-like and was criticized this Bosenberg 
who suggested that was misled seeing cross-sections the 
disk-like sperm. This cannot possibly the explanation for 
not only are all the spermatozoa the distal portion the 
ducts and the pedipalps this elongated form but they are 
larger than when the proximal portion the ducts the 
lumen. This fact precludes the possibility their being cross- 
sections (Fig. Although they remain coiled they seem 
lose the compact structure, which they assume before leaving the 
cysts, and regain their original size. This reéxpansion the 
heads seem improbable that was only convinced its truth 
after making numerous camera lucida drawings with utmost care. 
The difference size and form can seen glance com- 
paring Figs. and which were drawn with the same magni- 
fication. probability the spermatozoa first uncoil after they 
are passed through the slender ducts the receptaculum sem- 
inis into the oviduct the female spider. 

When one considers that the tail attached the lower, an- 
terior margin the relatively heavy, crescent-shaped head, 
difficult see how its lashing movements would propel the head 
straightforward direction. Bosenberg has made considerable 
study the movements spider spermatozoa and holds that 
the chief propelling power found the twisting and bending 
motions the head itself while the tail, its lashing move- 
ments, may act steering-organ. 


Sequence Divisions. 

the maturation the male germ cells generally con- 
ceded that two kinds division reductional and 
equational one but regard their sequence there has been 
much difference opinion. when the majority favored 
the view that the equational division occurs first, Montgomery 
maintained that the first division reductional and 
strongly emphasized the importance determining the origin 
the chromosomes synapsis their mere form post-synapsis 
stages often misleading. To-day perhaps the majority 
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workers can said favor Montgomery’s view that the primary 
spermatocytic division results separation maternal and 
paternal chromosomes which have conjugated the synapsis 
stage. previous work pointed out that offers 
especially favorable material for the investigation this point 
and also that results led full endorsement Mont- 
gomery’s interpretation. Further study has convinced that 
all probability that view the correct one. Every one who 
has tried follow the behavior chromosomes during synapsis 
knows the difficulties the way reaching any certainty about 
the matter. What know that, rule, before synapsis 
find certain number chromosomes present and after syn- 
apsis find but half that number. Many facts can advanced 
support the theory the conjugation maternal and 
paternal chromosomes resulting numerical reduction and 
such pairing these nuclear elements does occur may 
brought about either end end union homologous 
importance determine which method union obtains before 
endeavoring interpret what follows. 

the early prophase the primary spermatocytes, 
the nucleus becomes contracted and its structure cannot fully 
made out, but the chromatin seems the form dense 
reticulum. this time believe the synapsis occur both 
because there later stage which there any sign its 
occurrence and also because the delicate spireme loops which 
issue from this stage appear the reduced number. 
Strong evidence against the view that side side pairing 
the chromosomes occurs the fact that the spireme first shows 
trace split, then barely perceptible one and finally quite 
wide one running the whole length each loop. The space 
intervening between two threads, therefore, must represent 
longitudinal not the space between two threads about 
unite side side. 

evidence support the view that the chromosomes unite 
end end, would call attention the noticeably denser struc- 
ture the chromatin the bend the loops which quite 
marked some stages, the chromomeres appearing massed 
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together this point. preparations the 
bend the loops takes deeper stain than the other portions 
do, while safranin and gentian violet preparations the chromo- 
meres the bend the loops take the safranin and the arms 
the loops stain violet. Since condensed chromatin always does 
take the safranin, this differential staining may indicate merely 
compact structure due the mechanical bending the loop but 
may also indicate the junction homologous chromosomes. 
the light the above facts, consider highly probable, 
therefore, that the split the spireme represents precocious 
longitudinal division which more less visible throughout the 
prophase the first maturation division. 

The succeeding steps are follows: The longitudinally split 
loops become shorter and consequently thicker, drawing down 
toward the distal pole. The bend becomes acute, forming 
shaped chromosomes which split from apex base along the 
line the original longitudinal split and open out into double 
point the chromosomes can easily oriented for 
the split extends entirely through the free extremities the arms 
the while the apices show the compact structure character- 
istic the bend the spireme loop. When they have taken 
their final position the equator the spindle, one has 
trouble determining with certainty that the angles which cor- 
respond the bend the loop lie the plane division, while 
the angles corresponding the free ends the loop are directed 
the opposite poles. Still further assurance, needed, gathered 
from the fact that sometimes chromosome, which has not yet 
opened out, drawn into the equator the spindle and there 
always lies with its apex the equatorial plane and its free ends 
directed toward the poles. Later this single opens out into 
double preparatory division. The first division then takes 
place through what corresponds the apex the original 
shaped chromosome and this represents the point union 
between the homologous elements, the first division must 
reductionial. 

the V-shaped chromosomes the telophase, the space be- 
tween the two arms corresponds the split which first appears 
precociously the spireme. When, the succeeding division, 
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the two arms are carried opposite poles the spindle, 
plainly have longitudinal equational division. also 
interest here that this mitosis the rod-like accessory chromo- 
somes divide equationally. sum up, then, the first matura- 
tion division occurs point corresponding the bend the 
spireme loop and reductional the second maturation 
division passes along the line the longitudinal split the 
spireme loop and equational one. 


the Chromosomes. 


Every living organism, whether plant animal, single-celled 
many-celled, regarded individual notwithstanding the 
fact that each one lacking stability that, its metabolic 
processes, has frequently been compared whirlpool into 
which and out which new particles are constantly streaming. 
Again, the ontogeny Metazoan, the cells which 
composed and the cell-nuclei are supposed continuous from 
one cell generation the next. When, however, come down 
one the most important nuclear elements the chromosome, 
there has been much difference opinion regard individu- 
ality, some claiming that when given chromosome disintegrates 
and spreads out reticulum the resting stage, the same 
chromosome does not reappear the succeeding mitosis but that 
the chromosomes are formed anew each time. Ever since Rabl 
strongly supported Boveri and Van Beneden 
maintained that the chromosomes not lose their individu- 
ality the close division but persist the chromatic reticulum 
the resting nucleus, scores workers have brought forward 
evidence either for against this theory. recent paper 
Individuality the merely that recognize 
certain characteristics size and form some the chromatin 
units called chromosomes and that there frequent repetition 
these forms during different stages development, then 
may claim that the chromosomes unqualifiedly 
support the theory the Individuality the 
But the other hand, Individuality the Chromosomes 
claim their morphological continuity, that several even 
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only one the chromosomes can followed 


from the spermatogonium the spermatid, that even during the. 


growth the chromosome form maintained, then must 
say that our preparations supports very re- 
stricted sense, all, the theory the Individuality the 

While all agree that the term individuality should not usually 
taken its narrowest sense reference chromosomes, the 
general fact that the same number chromosomes issues from 
reticulum passes into and that they have been seen re- 
appear the same positions within the nucleus, added strong 
evidence found studies fertilization the egg Ascaris and 
other forms, seem clearly indicate genetic connection 
between the chromosomes successive cell-generations. Even 
the chromosomes resolve themselves into their component 
granules which are distributed linin reticulum, not 
difficult conceive each one thus spreading out along definite 
lines, its ultimate branches temporarily anastomosing with those 
method gaining nutriment for each granule which would 
much less easily done the dense, compact form. The proba- 
bility that the so-called resting stage stage which 
physiological activity the chromosomes its height. 
spread out into protoplasmic mass extreme delicacy, with 
numerous pseudopodia, still individual Amada. 

the ordinary chromosomes offer strong evi- 
dence favor chromosomal continuity although the loops 
the spireme differ length and the prophase the primary 
spermatocytes some the V-shaped chromosomes differ slightly 
size. One these which opens much wider angle than 
the others recurs again and again, and probably always present 
this stage. When turn the accessory chromosomes, 
the other hand, find that they stand more severe test than 
that outlined above and even comply with the demands Foot 
and Strobell when they claim that, meet the requirements for 
individuality, several only one the chromosomes should 
followed uninterruptedly from the spermatogonium the sper- 
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matid and that even during the growth period the chromosome 
form should maintained. Not but accessory 
chromosomes described this paper have been followed without 
loss identity from the spermatogonium through the growth 
stage, prophase, metaphase, telophase down the spermatid 
and they more than meet the above requirements that they 
have been traced their final position the head the sper- 
matozoon. The fact that they become granular and partially 
disintegrate for short time the growth period only shows 
that the granules, which they are composed, separate from 
each other the other chromosomes but much less 
degree (Fig. 15). There every probability that the other 
chromosomes have genetic continuity just truly the acces- 
sory chromosomes have but certain definite periods, possibly 
great physiological activity, they take form which tempo- 
rarily obscures their individuality. 


Degenerating Cells. 


earliest studies upon noticed many cases 
which the mature spermatozoa seemed escaping from their 
respective cell-bodies and then supposed that the latter could 
take part the formation the germ-cells, but that they 
passed with them into the ducts and nutriment. Later, 
upon examination some preparations made from another 
spider, Pholcus two kinds degenerating cells 
were found the lumen the testis, one kind being supplied 
with brilliantly stained nuclei, while the other kind appeared 
granular and non-nucleated. These two kinds cells were 
looked upon early and late stages the process degenera- 
tion and the presence chromatin precluded the possibility 
their having originated from the cell-bodies discarded the 
spermatozoa. The occurrence spermatozoa wholly partly 
free from their cell bodies was thus explained mechanical 
effect sectioning with microtome knife seemed likely 
that compact, resistant bodies like the sperm-cells might thus 
happen dislodged from the soft, protoplasmic mass which 
they lie. Whence, then, came the great number degenerating 
cells the lumen the testis and the ducts? answer 
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this question was sought the unequal distribution the ac- 
cessory chromosomes. They were found take part the 
first maturation division and, while their further history was ex- 
tremely difficult follow, gathered, then believed, some 
evidence their taking part the second maturation division, 
and therefore their final distribution but one fourth the 
spermatozoa. McClung’s theory that the accessory chromo- 
somes might sex-determinants was then held untenable, 
far its application the spider was concerned, did not 
seem probable that one sex would three times numerous 
the other. then ventured suggest new theory that 
only the one fourth the spermatozoa which contain the acces- 
sory chromosomes spermatozoa become func- 
tional while the remaining three fourths degenerate after almost 
altogether reaching maturity. There were priori reasons for 
believing such the case since, true, the parallelism be- 
tween the spermatogenesis and the odgenesis would even more 
complete than hitherto supposed, three every group four 
daughter cells descended from single spermatogonial cell being 
considered homologues the polar bodies which not be- 
come functional. also suggested, view the foreseen diffi- 
culties the union the sex-cells, that the maturation the 
egg the accessory chromosomes might thrown off the polar 
bodies and thus, time fertilization the egg the normal 
chromosomal number would restored. This second suggestion 
was overlooked Boring her criticism that only the 
spermatozoa become functional, the egg must neces- 
sarily contain the accessory chromosomes also and that the 
nucleus the fertilized egg the chromosomal number would 
exceed the normal number two. her paper 
Epeira states that certainly none her preparations does she 
find any trace degenerating spermatozoa, and other writers 
have expressed doubt their existence. Now, while still find 
abundance degenerating cells the lumen the testis and 
the sperm ducts, recent investigations have convinced 
the error former results regard the distribution 
the accessory chromosomes. the present paper think 
clearly demonstrated beyond the shadow doubt that dimor- 
phism spermatozoa the rule. 
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The above-mentioned facts have necessitated careful re- 
examination the whole subject degenerating cells the 
spider testis and after brief review the work other writers, 
shall give present interpretation the light recent study 
upon this point. 

Many the earlier workers upon spider spermatogenesis have 
observed and described numerous, granular, protoplasmic bodies 
the lumen the testis, the sperm ducts and pedipalps and 
also the receptaculum seminis the female spider. Most 
them agree that these granules granular masses have nutri- 
tive function but they account for their origin various ways. 
Bertkau believed that they arose from certain 
granular cells the testis and sperm-ducts. Schimkewitch 
describes two kinds cells the testis Those the 
posterior end, according him, develop into spermatozoa. 
Those the anterior end and also cells the sperm ducts give 
rise roundish oval granules. Lycosa, Birula found 
granular masses which were derived from the fragmentation 
some the follicle cells. the other hand, Balbiani 
arrived the conclusion that the spider testis supplied with 
gland cells which pour out secretion the form little 
granules. Wagner maintained that the remains the 
spindle fibers and fragment form the granules 
Later appeared Bosenberg’s paper which 
find statements which exactly accord with earliest conclusions 
that the ripe sperm-cell works its way out the cell-body and 
that the latter left degenerate. 

“In der letzten Phasen der Umformung der Spermatiden 
das Spermatozoon wies ich nach, dass der Kopf des Spermato- 
zoons mit dem Schwanz das Cytoplasma verlasst, welches dann 
Form von grossen, runden Ballen Follikel 
Diese Plasmakugeln degenerieren und zerfallen kleine, runde 
Also, according this author, the cells the cyst- 
walls and their nuclei degenerate, the fragments which pass 
into the lumen the testis after the escape the spermatozoa 
from the cysts. This whole mass degenerating cells which 
completely envelop the rolled spermatozoa the ducts and 
pedipalps, Bosenberg regards possible source nutriment 


J — 
7 


THE SPERMATOGENESIS AGALENA 


for the sperm-cells until they reach the ova the time ferti- 
lization. 

first study already referred to, 
will remembered that two kinds degenerating cells were 
found the lumen the testis, half containing nuclei and half 
not. have now found that these bear genetic relation 
each other but arise totally different ways. Those without 
nuclei are the cytoplasmic remains discarded the spermatozoa 
and which accompany the latter when they pass into the lumen 
the testis. Those containing distinct nuclei originate from degen- 
erating spermatids, many cases occurring where nearly all quite 
all the spermatids cyst are advanced stages degenera- 
tion. The cell-body becomes enlarged and vacuolated and the 
chromatin forms homogeneous-looking masses irregular out- 
line fragmented (Fig. 60). These cells greatly decrease 
circumference, the chromatin mass becomes spherical, and the 
cell body becomes transparent that easy overlook 
altogether. They vary considerably size, even after they have 
passed into the lumen the testis but they are readily distin- 
guished from the ripe spermatozoa and the granular cytoplasmic 
bodies among which they lie (Fig. 61). 

although the breeding season the sperm ducts 
are fairly packed with nearly colorless cells fragments cells 
which the ripe spermatozoa lie embedded, none the former 
appear contain chromatin, or, they do, finely dis- 
tributed that stains very faintly. Neither this spider have 
found cysts full degenerating spermatids. careful study 
the cysts containing nearly mature mature spermatozoa, 
thoroughly convinced that Bosenberg correct stating 
that the ripe sperm-cells wriggle out the cell body and further- 
more claims have actually witnessed the process his ex- 
amination living cells. have, fixed material, found the 
sperm-cells all stages the process and the phenomenon 
too common and too general occurrence accounted for 
the tearing action the microtome-knife sectioning. After 
the spermatozoa have wriggled themselves free, they remain 
the cyst for some time before the rupture its walls and during 
this time, while they are contracting and rolling into 
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disk-like form, described before, the cell-bodies from which 
they have escaped, also gradually contract, the circumference 
becomes greatly reduced and the density the cytoplasm gives 
purplish hue iron-hamatoxylin (Fig. 58, When the 
cyst-wall ruptures, these granular masses pass out company 
with the ripe spermatozoa and course equal them number. 
The cells the cyst-wall also break and their fragments pass 
into the lumen the testis. Still another contribution the 
mass degenerating cells comes from the remains the con- 
necting body cytoplasmic neck which for time unites two 
sister spermatids and which contains the Zwischenkorper. 
spite all these sources supply enumerated above, difficulty 
still presents itself the effort explain all the degenerating 
cells the sperm duct. Even when grant that they arise 
three ways, viz.: from the cells the cyst-walls, from the granu- 
lar, cytoplasmic masses discarded the spermatozoa and from 
the connecting-bodies and their contained mid-bodies, still the 
number appears too enormous wholly accounted for 
these ways. thereis considerable fragmentation but 
the size the majority the cytoplasmic masses least equal 
the size the contracted masses they escape from the cyst 
(compare Figs. and 59) that fragmentation not satis- 
factory explanation, especially the total mass them far ex- 
ceeds the total mass the spermatozoa. might thought 
probable that the spermatozoa would pass through the ducts 
more rapidly than the degenerating cells and leave relatively 
large number them behind, but difficult see how this 
could true since the spermatozoa are rolled and are, all 
probability, entirely inert. The contraction the wall the 
sperm duct would surely propel the degenerating cells rapidly 
the rolled up, temporarily inactive spermatozoa. 

the duct are found some cells type quite distinct from 
those already described and which could not have arisen any 
the ways mentioned. These are comparatively large, some- 
what oval cells and closely resemble the rolled spermatozoa 
size and outline but differ from them showing little 
affinity for nuclear stains. seemed probable that spermato- 
zoon would remain coiled during the process degeneration, 
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then might suppose that these large, faintly stained cells 
represent degenerating spermatozoa and they seem about 
numerous the deeply stained spermatozoa their presence 
might mean that only one half the latter become functional. 
seems more probable, however, that spermatozoon would 
uncoil the process degeneration and also seems likely 
that the chromatin the head would retain its staining capacity 
foralong time. am, therefore, loss explain the presence 
these large, oval cells. 


SIGNIFICANCE THE ACCESSORY CHROMOSOMES. 


Until comparatively recent times the problem sex-determina- 
tion has been approached chiefly from the outside and much 
experimental work has been done the attempt prove that 
external factors, such nutrition, temperature, etc., influence 
sex. Within the last few years, however, minute cytological 
research has directed attention internal factors, namely, the 
nuclei the germ-cells themselves, and there now good reason 
believe that the problem can put morphological basis. 
McClung’s brilliant idea that dimorphism the sperma- 
tozoa caused the presence absence the accessory chromo- 
somes might have direct bearing the determination sex has 
been strongly supported Wilson and Stevens 
and, more recently, Boring their work upon 
insects. These authors find cases which the somatic cells the 
male contain one less chromosome than the somatic cells the 
female or, cases where one half the spermatozoa contain 
very small chromosome represented the other half large 
chromosome, the somatic cells the male and female show 
corresponding differences. 

the spider nevia have shown that dimorphism 
the spermatozoa obtains, one half them having two acces- 
sory chromosomes and one half them lacking these elements. 
The comparative number chromosomes the somatic cells 
the two sexes could not determined, but comparison the 
developing germ-cells was made with reference the presence 
absence the accessory chromosomes. the spireme stage 
the growth period the primary spermatocytes, the two rod- 
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like accessory chromosomes are more conspicuous than any 
other time during the development the sperm-cells (Fig. 13). 
the other hand, study the primary odcytes corre- 
sponding stage reveals the fact that them trace the 
accessory chromosomes can found (Fig. 57). might 
contended that during the much longer resting stage the 
the accessory chromosomes dissolve into the reticulum 
the ordinary chromosomes but argument against such 
interpretation the fact that the same lack evident even 
the extremely small ovaries very young spiders captured 
June —two months before the breeding season. stages 
the growth period, the youngest well the oldest 
accessory chromosomes can found. Now, while 
this not itself conclusive evidence that all the cells the 
female spider lack the accessory chromosomes, seems 
that such the case the light the work upon insects and 
view the fact that one half the spider spermatozoa lack 
these two elements. Since the primary odcytes have acces- 
sory chromosomes, all probability the mature eggs lack them 
two accessory chromosomes, male would produced but 
egg fertilized spermatozoon which does not possess them, 
female would produced. This interpretation brings the 
spider into line with the insects support the view that the 
accessory chromosomes may directly connected with sex- 
determination, the main difference between the insects and spiders 
being that the former the female has the greater number 


chromosomes while the latter the male the 
one. 


spermatozoa ova 
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COMPARISON RESULTS. 


The earliest work spider spermatogenesis which was done 
under sufficiently modern methods concern here that 
Wagner but his complete paper, published the Russian 
language, not accessible me. preliminary report 
German periodical and from several short reviews, 
judge that his work has been rather comprehensive, including 
the history the germ-cells from the early spermatogonia the 
mature spermatozoa. studies were mainly concerned with 
and therefore with special interest that compare 
results with his. the spermatogonia states that division 
does not occur according the ordinary method karyokinesis, 
nor amitotic, one puzzled know what method 
division did observe. also makes the surprising state- 
ment that the nuclei the spermatocytes are much smaller than 
the nuclei the spermatogonia the last generation. the 
growth period and also the primary spermatocytic division 
Wagner finds peculiar nucleolus and while his description 
far from accurate, have hesitancy saying that under this 
term describes the accessory chromosomes. This so-called 
has compact, elliptical form and always periph- 
eral position, never lying inside the spireme threads. 
the succeeding division divides either the plane the equa- 
torial plate nearer one pole and the latter case cast 
out into the results show that while the 
accessory chromosomes are usually peripheral position, they 
occupy more central position the growth period and are then 
surrounded the spireme threads. the accessory chro- 
mosomes not divide all the first division but are 
carried over bodily into one the two daughter cells. 

Early workers described the spermatozoon disk-like, 
aberrant form showing resemblance the ordinary type. 
Wagner was the first discover that this peculiar looking sper- 
matozoon, with apparently organ locomotion, does real- 
ity essentially agree its development with the ordinary type 
and possesses head, tail and apical body. also demonstrated 
clearly that the disk-like form due the fact that the ripe 
spermatozoon rolls itself such way that difficult 
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recognize its resemblance typical the 
transformation the spermatid, incorrectly explained the 
growth the axial filament, holding that first appears the 
cytoplasm and later makes connection with the nucleus and 
was also mistaken believing that portion the nucleus takes 
part the formation the spermatozoon head and later dis- 
appears. work, the whole, added much our 
understanding the peculiar spider and made 
foundation for the more detailed work Bosenberg which 
reviewed below. 

Montgomery’s work follows some detail the 
history the spermatocytes, and number results 
differ from his, seems worth while enumerate the main points 
which disagree. careful perusal his text and figures, 
and own observations several different genera including 
Lycosa, believe that has misinterpreted some points 
and that further study will bring about greater har- 
mony our results. 

spermatocytic history.”’ 

Agalena, well-marked rest stages occur both the 
spermatocytes and the spermatids. 

Lycosa “where the ends two conjugated chromo- 
somes come together frequently found slight notch break 
which connecting band linin.” 

the point union marked greater accu- 
mulation chromomeres the bend the spireme loop. 

split the prophase (of the first division) 
does not extend through the distal ends the generally 
shaped 

the split extends throughout the length the 
loop. 

the longitudinal split the prophase the first 
maturation division becomes some the chromosomes 
little wider than during post-synapsis but this happens with 
only minority the chromosomes any nucleus not 
definitive stage the change every chromosome 
for the reason its relative Most the chromo- 
somes are straight bent 
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the widening the longitudinal split this stage 
universal occurrence the ordinary chromosomes and 
first importance foreshadowing the opening out the 
single V-shaped chromosomes form double V’s, which the de- 
finitive form every ordinary chromosome. Furthermore Mont- 
gomery’s own figures the telophase show many V-shaped 
chromosomes and indicate that Lycosa, also, the chromosomes 
the metaphase are double V’s. examination own 
sections Lycosa, find this true. 

the reduction division but after all other divisions.” 

the intermediate cell-plate always found this 
stage and often conspicuous. 

two univalent heterochromosomes conju- 
gate side side though their ends directed toward the distal 
nuclear pole are closer touch than their opposite ends, con- 
trast the behavior the other 

Agalena the heterochromosomes unite, apparently, into 
single mass and the union usually begins the ends directed 
toward the central pole. 

Lycosa mode division the bivalent hetero- 
chromosomes was not positively but its forma- 
tion some evidence that the heterochromosome may 
behave like the others during the maturation mitoses, namely, 
that may undergo reductional division the first and 
equational division the second mitosis. And can say posi- 
tively that the whole bivalent heterochromosome does not pass 
undivided into one the second 

and several other genera the heterochromosomes 
clearly pass undivided into the secondary spermatocytes and 
Agalena, least, they are equationally divided the second 
maturation mitosis. 

beautiful work the spermatogenesis 
the Arachnida based chiefly upon study and his 
observations begin with the telophase second maturation 
division, his work being largely confined detailed study 
the transformation the spermatid into the mature 
Taking Wagner’s results upon Aga/ena starting point, 
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follows with utmost care the development the spermatid 
nucleus, centrosome and idiozome. He, like Wagner, undoubt- 
edly mistook the compact accessory chromosomes for nucleolus 
which conspicuous and often surrounded clear area the 
spermatids. According this nuclear element dis- 
appears prior the formation the chromatin plate one side 
the spermatid nucleus. matter fact, however, the 
accessory chromosomes form important part 
the chromatin plate half the spermatids, first stretching 
across the side the nucleus where the chromatin granules later 
accumulate. traced the subdivision the centrosome 
into proximal and distal portions. The distal centrosome 
migrates the cell-periphery and from grows out the delicate 
extracellular axial filament. The proximal centrosome moves 
over through portion the nucleus and later becomes com- 
paratively large and pear-shaped. then regarded the 
connecting-piece, middle-piece, the latter term being thought 
inappropriate the spider The apical body 
derived from the idiozome vesicle and contains filament which 
bears small granule. The latter derived from the connect- 
ing piece. observations, far they have gone, indicate 
close agreement between the transfermation the spermatid 

Berry belongs the credit first reporting dimorphism 
the spider spermatozoa although her brief paper 
she was not able bring forward much data support this 
view. the telophase the last spermatogonial division, one 
chromosome appears have mate and therefore regarded 
the odd chromosome which persists single, univalent 
element the rest stages, becoming longitudinally split the 
spireme. the first maturation mitosis, the odd chromosome 
carried but one pole and while was not identified the 
second maturation mitosis thought divide along the line 
the original longitudinal split, the resultant halves being car- 
ried the opposite poles the spindle. This view supported 
the fact that apparently one half the spermatids contain 
single chromatin mass while the other half not. 

Knowing experience the difficulty accurately counting 
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numerous rod-like chromosomes which often overlap one another 
and knowing also the possibility that all the chromosomes 
may not necessarily lie the plane given section and may 
therefore counted twice, seems unwise place much 
reliance upon the finding apparently unmated chromosome 
the telophase the last spermatogonia. Again, the split and 
unsplit odd chromosome the rest stage and the growth 
period may two univalent heterochromosomes accessory 
chromosomes before and after conjugation, 
the primary spermatocytic division the split, odd chro- 
mosome which carried but one pole probably the two 
univalent accessory chromosomes and while Berry surmised that 
the halves this single element are separated the secondary 
spermatocytic division, possible that each half the odd 
chromosome, or, believe, each univalent element the two 
accessory chromosomes, splits lengthwise and equally dis- 
tributed the opposite poles. While Berry finds single chro- 
matin mass half the spermatids, find Agalena two 
accessory chromosomes half the spermatids. These, how- 
ever, eventually fuse into single mass, there real 
discrepancy here. Our main point issue with the origin 
the accessory granted that they originate 
from two spermatogonial chromosomes rather than from one, 
then possible interpret all Berry’s figures such way 
that the odd chromosome and the two accessory 
chromosomes will seen nearly identical 
behavior and fate. The forms the ordinary chromosomes 
the prophase and metaphase the first maturation 
division are somewhat obscure the figures but are described 
V’s, rings, rods and Now one who familiar with 
the double V-shaped chromosomes other forms can readily see 
how they might appear represented, especially they are over- 
stained closely packed together. Furthermore, own sec- 
tions show plainly that the definitive form the chro- 
mosomes the equatorial plate the first maturation division 
may not out place mention here the two chief errors 
own previous work the first place failed 
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find the division the accessory chromosomes the second 
maturation mitosis and the second place failed find the 
tail the These points have been fully discussed 
the body this paper. 

Although fully aware that easy read one’s own 
interpretation into the work others, nevertheless confident 
that the spermatogenesis least three genera spiders 
Agalena, Epeira and found agree all 
essential points. 

SUMMARY. 


the spermatogonia the nuclei are unusually large. The 
chromosomes are rod-like and are probably least fifty-two 
number. Two them appear different from the others and are 
regarded the accessory chromosomes. 

the primary spermatocytes, the ordinary chromosomes 
conjugate end end synapsis form V-shaped chromosomes 
These open out along the line the longitudinal split the 
spireme form double V’s and divide reductionally. the 
early rest stage the two accessory chromosomes take the form 
two chromatin nucleoli which later unite into single chro- 
matin nucleolus. the beginning the growth period they 
again take the form two rods which later conjugate side side 
during small fraction the growth period. mitosis they 
pass over bodily into but one the two daughter cells. 

the second spermatocytic division the V-shaped chromo- 
somes and also the two rod-like accessory chromosomes divide 
equationally. The reduced number the ordinary chromosomes 
probably least twenty-five. 

The has well-developed axial filament de- 
rived from the distal centrosome. The proximal centrosome 
gives rise the end-knob. 

There dimorphism the spermatozoa, half them con- 
taining two accessory chromosomes and half them lacking 
these elements. 

Since the accessory chromosomes are more conspicuous 
during the growth period the primary spermatocytes than 
any other time and the primary oocytes trace them can 
found and since the dimorphism the spermatozoa due 
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the presence absence these peculiar elements, seems prob- 
able that egg fertilized possessing the 
accessory chromosomes develops into male while egg fertil- 
ized spermatozoon which lacks the accessory chromosomes 
develops into female. The results work upon the spider, 


therefore, furnish further evidence support McClung’s theory 
sex-determination. 


Degenerating cells cell fragments which envelop the 
ripe spermatozoa the sperm-ducts come from least four dif- 
ferent sources. These are follows: Broken down walls 
empty cysts, (4) cell bodies from which the ripe spermatozoa have 
escaped, (c) connecting sister spermatids, and their 
contained mid-bodies, large, oval cells which resemble the 
rolled spermatozoa, size and outline. 


UNIVERSITY PENNSYLVANIA, 
May, 1908. 
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EXPLANATION PLATES. 


All figures were drawn with the aid camera lucida under Bausch and Lomb 
one twelfth and Zeiss Comp. oc. 12. table level and the plates 
are reduced about one eighth. 

All not otherwise specified are taken from 

erating cytoplasmic body; degenerating spermatid; degenerating spermato- 

EXPLANATION 
Fics. Spermatogonium. Metaphase. 
Fics. Primary spermatocytes. Rest stage. 
Fics. 8,9. Primary spermatocytes. Contraction stage. 
Fics, 10-12. Primary spermatocytes growth period. Spireme not split. 
Fic. spermatocyte. Spireme thread longitudinally split. 

Fics, Primary spermatocytes. Split spireme thread widens, The ac- 
cessory chromosomes conjugate. 

Fic. spermatocyte. Cross-section split spireme and conjugated 
accessory chromosomes. 
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EXPLANATION PLATE 

Primary spermatocytes. The spireme loops contract. The acces- 
sory chromosomes separate again. 

Fics. 22, 23. Primary spermatocytes. Prophase. Single V-shaped chromo- 
somes open out into double V’s. 

Fic. 25. Primary spermatocyte. Division double V’s form single 
Accessory chromosomes passing one pole. 

26. Primary spermatocyte. Anaphase. 

Primary spermatocyte. Pole view, split. 

Fic. 28. Primary spermatocyte. Telophase. 

Fics. 29, 30. Secondary spermatocytes. stage. 

spermatocyte. Prophase. Accessory chromosomes show 
precocious, longitudinal split. 

32, 33. Secondary spermatocytes. Metaphase. 

Fic. 34. Secondary spermatocyte. Division V-shaped chromosomes into rod- 
shaped chromosomes. 


35, 36. Secondary spermatocytes. Anaphase. Accessory chromosomes 
divide equationally. 


spermatocyte. Late anaphase, showing twenty-five rod- 
shaped 
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EXPLANATION PLATE III. 


Fics. 38, 39. Secondary spermatocytes. Late anaphase. 

Fics. 40, 41. Secondary spermatocytes. Telophase. Accessory chromosomes 
large and conspicuous. 

Fics. 42, 43. Spermatids. Axial filament grows out from centrosome. 

Fics. 44, Interzonal fibers disappear. The mid-body persists 

Fics. 46, Contraction stage. Accessory 
rounded clear area. 

Fics. 48, 49. Spermatids. Accessory chromosomes unite and pass toward cen- 
tral pole; proximal centrosome passes over into nucleus. filament lengthens. 

50, 51. Spermatids. Nucleus elongated. Accessory chromosomes again 
show partial separation. Chromatin plate Proximal centrosomes becomes 
larger. 

Fic. 52. Spermatid. Cross-section accessory chromosomes. Chromatin plate 
and proximal centrosome. 

Fics. 53, 54. Spermatozoa. Apical granule projects from apical body. 
mal centrosome becomes end-knob. Accessory chromosomes convex side head 
Fig. 53. 
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EXPLANATION PLATE IV, 


Fic. 55. Spermatozoa escaped from cell bodies. 

56. Spermatozoa contracted and coiling up. Cell bodies contracting also. 

Fic. 57. Primary odcyte, growth period. 

Fic, 58. Cell bodies. Stages degeneration, a-e. 

Fic. 59. Portion sperm-duct breeding season. 

Fic. 60. Cyst full degenerating spermatids. 

Fic. Mature spermatozoa, (4) degenerating cell bodies and (¢) degen- 
erating spermatids found lumen testis 
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THE MOUND POGONOMYRMEX BADIUS LATRL. 
AND ITS RELATION THE BREEDING 
HABITS THE SPECIES. 


TURNER. 


Even casual observers, visiting the suburbs Augusta, Ga., 
are sure notice this ant not merely because its large size,. 
but account its conspicuous mounds, which are scattered, 
open places, all the vacant highlands. somewhat dry, 
sandy soil seems best suited for its development; for, although 
the mounds are numerous the divide, both along the road- 
side and open patches the yet, they are practically 
absent from the low, damp flood-plain. The conspicuousness 
each mound not due its height, for each only few 
inches high; but its large, barren surface. Some the 
mounds are much five feet diameter, and many have 
major axis three feet. The area the mound seems 
function the size the colony. say size rather than age 
the colony because old, but weak, colony will often have 
smaller mound than much younger colony that has large 
population. This condition affairs due the habit occa- 
sionally abandoning its old mound and excavating new one. 
the migration occurs when the colony small, even though 
old, the area the mound will small. small mounds 
the shape often but larger mounds the shape 
departs much from that circle (Figs. mound 
composed partly materials excavated forming and enlarging 
the burrows and partly small pebbles and other coarse ma- 
terials collected from the surrounding surface the ground. All 
sizes workers participate making the mound. 

The number openings into the nest varies from one sev- 
eral. This true not only different nests, but the same 
nest different times. opening nest closed. with 
small particles, some agency foreign the nest, the ants that 


may the outside the time act, for time, though they 
161 


—— 


162 TURNER. 


were confused then they begin remove the obstruction. 
the meanwhile, the ants the nest have been tunneling from 
within. Usually the ants from within are the first penetrate 
the obstruction. Occasionally the ants the outside are the 
first make breach. one case observed me, the ants 
the outside took part whatever removing the obstruc- 
tion until the ants the nest had made opening. When the 
nest opening closed with anything which not too large for 
several ants acting conjointly remove, several will 
removing otherwise new opening made. have seen 
many five ants acting conjointly removing obstruction. 


Fic. Fic. 


Fic. Mound dadius, surface view. entrance; débris, mostly plant 
matter, from the nest. There were few pebbles scattered over the mound. The 
nest contained workers all sizes and several females. Greatest length, in. 
greatest width, in. 

Fic. Mound surface view. entrance; débris, mostly plant 
matter, from the nest; stalks green grass, The top well covered with 
pebbles. Greatest length, in.; greatest width, in. 


The statements the were established 
several experiments similar the March 28, 1908, 
M.— Numerous workers are the outside the 
fill the opening with sand and small pebbles. Immediatly the 
workers the outside the nest examine the obstruction and 
then rush about though they are searching for opening. 
5:02 workers try force opening through 
the obstruction. 5:10 M.—One the workers confined 
the nest succeeds forcing passage-way the outside. Im- 
mediately three workers begin remove the pebbles. until 
now, particle has been removed from the outside the nest. 
5:15 Another worker emerges from within. 5:20 
The opening has been cleared, and the ants are busy bringing 
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from the nest the pebbles that the ants working from within the 
nest had carried inward from the obstruction. 

Whether nest contains several openings only one, early 
the morning and night the openings are found closed. 
the spring and early summer, have often found all the 
nest openings closed late 7:50 Careful observations, 
extending over period five months, demonstrated that the 
nest opening openings are regularly closed, the ants, the 
close day. The time required complete the closing and the 
number ants employed varies different nests and the same 
nest different times; but the method all cases similar 
that the following description the behavior the ants one 
occasion will serve type all. 

was eighteen minutes seven, July 20, 1908, and darkness 
was fast approaching. Four workers were busy covering the 
nest opening with plant débris, sand and pebbles. Part the 
time they would stand balanced upon the two posterior pairs 
legs, with their heads turned away from the nest, and kick the 
sand backwards with their fore and part the time they 
would carry coarser materials and place them upon the nest. 
twenty-three minutes after seven, the opening was almost 
closed and the ants passed inside. minutes, two workers 
returned the outside and continued the closing the opening. 
Soon they were joined third worker. forty minutes after 
seven the opening was closed; then the three workers wedged 
themselves inward through the closed entrance. Soon worker 
returned the outside and added more material the pile over 
the nest opening. Then forced its way into the nest. This 
behavior was repeated several times. The nest was finally closed 
from within. eight o’clock everything was quiet. 

one occasion, noticed this ant make use this hole- 
closing instinct rid itself thé encroachments another ant. 
species had constructed burrow within the confines 
mound colony Pogonomyrmex badius. When first 
discovered these conditions, single worker the latter species 
was busy covering the opening the burrow with sand. 
The sand was driven into the opening the ant standing its 
four hind legs and kicking the sand backward with its fore feet. 


164 TURNER. 


The larger particles were carried the mouth and deposited 
therein. Every few moments the ant would enter the burrow 
and compact the sand with its head. Frequently would leave 
the hole and wander about for few moments. always soon 
returned the covering. After the hole had been filled the 
level the ground, the ant continued pile sand. When 
left, 10:03 M., the ant was still piling sand. 
time was assisted any other ant, although numerous ants 
passed it. 

With few exceptions, each mound there one more trash 
piles. over two hundred mounds examined noticed only one 


Fic. 


Fic. entrances. The mound covered with peb- 
bles, and dead stalks grass and weeds are scattered over it. Greatest length, 

Fic. Mound surface view. entrances; débris, mostly plant 
matter, from the nest. The mound covered with pebbles. the outer edge 
there are few stalks grass. mound had four openings. Greatest 
length, greatest width, in. 


exception (Fig. 3). this trash pile dumped from the 
nest, supplemented plant material obtained the surrounding 
territory. The major portion the pile composed plant 
matter, the remainder remnants insects. some cases the 
trash-pile surrounds the nest-opening (Figs. 8); but 
most cases does not seem bear any definite relation that 
opening (Figs. 6). 

seems self-evident that mound conspicuous this must 
play some important role either the present the past behavior 
the species. possible that serves more than one pur- 
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pose however, several months careful study has convinced 
that one the most important functions this mound serve 
device promote sexual union. The following description 
the behavior this species, during the process mating, will 
make this point clear. 

Mating takes place, intervals, during the warm weather. 
How often this occurs and whether the intervals are regular 
irregular not prepared say. observed the inmates 
one set nests mate June and again June 16, and, 
several other occasions, saw what looked like signs recent 
mating. Practically all the nests the same locality mate 
the same time. one mating occasion, out eleven nests 
occurring within radius few yards, the inmates eight 
were going through the mating behavior. The three colonies 
that were not mating were small and weak. 

During the daylight hours, few workers usually promenade 
top the mound; just before mating occur, this 
number increased many fold. casual observer, looks 
though the majority the inmates the nest were out for 
sun bath. All move about nervous manner. few males 
and few unfertilized (winged) females repeatedly emerge from 
the nest, move about for few moments, and then retire. After 
this has continued for time, the males fly away and the females 
promenade among the workers. When the males arrive 
another mound, they alight and move about, jerky, 
nervous manner, among the restless workers and females the 
mound. If, its zigzag rushing, the male comes contact 
with one more workers, these neuters attack once. Some- 
times male attempts enter the nest. once opposed 
the workers. have seen male succeed entering 
the nest; but, think they for, more than 
one occasion, have seen workers dragging males out the 
nest. male comes contact with winged female, 
mounts her back and attaches his reproductive organs the tip 
her abdomen. She either remains quiet, else gently nibbles 
the abdomen the male with her jaws. After few minutes 
intimate contact, the ants each repeat the act 
with some other ant. This coition always occurs either the 
ground blade grass low weed never the air. 
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That the same female accepts the attentions several males and 
that the same male serves several females have established 
experiments conducted follows: number males, captured 
soon they alighted the mound, were confined, means 
cotton plugs, small test-tube. second test-tube, was 
placed single female. Into this second tube single male was 
introduced. soon the pair had separated after coition, that 
male was removed and fresh male introduced. This was 
repeated until the female refused mate. dozen experiments 
this sort were conducted. The greatest number males 


Fic. 

Fic. Mound surface view. entrances; débris, mostly plant 
matter, from the nest. There depression around the main opening. Greatest 
length, in.; greatest width, in. 

matter, from the nest. Scattered over the top the nest, are numerous pebbles and 
bits coal. Near the opening there depression which slopes towards the open- 
ing. Near the edge there are few stalks grass. Greatest length, in. 
greatest width, in. 


accepted the same female was four; the least number was 
two. After the last successful coition, the introduced male always 
tried copulate, but vain. the mound, several dif- 
ferent occasions, have seen the same female copulate with two 
different males. 

another series dozen experiments, several females were 
removed from the top the mound and confined cotton- 
stoppered test-tube. another tube was confined male that 
had just arrived the mound. One the females was intro- 
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duced into the tube with the male. They copulated immediately. 
soon coition was over, the female was removed and 
fresh female introduced. This was repeated until the male would 
longer mate. The greatest number females served the 
same male was five; the least, four. After the last successful 
coition, when fresh female was added, the male would attempt 
copulate, but vain. 

These experiments show, conclusively, that the same female 
may mate with several different males and that the same male 
may serve several females. the number services that 
either may give accept, these experiments not give final 


matter, from the nest. covered with pebbles. the edge there are few 
stalks grass. Greatest length, in.; greatest width, in. 


answer for there was way being sure that the female cap- 
tured the nest had not previously been nor could 
absolutely certain that the male had not visited some other 
mound and copulated before arriving the nest. 

From the above description, seems evident that the mound 
this species device for promoting The 
large, conspicuous, expanse barren land the midst vege- 
tation serves stimulus attract the flying male. Whether 
than the experiments answer. That instinctive response 
self-evident. 


q 
q 
q 


NE 
4 
a 
q 
| 


168 TURNER. 


There wide-spread belief that the male ant always dies 
within few hours after copulation. The following two experi- 
ments show that, this species, the male may live for several 
days after mating. 

June 1908. Five males, captured just after copulation, are 
confined Janet nest. June are alive. June 11.— 
Two are dead and three living. June Three are dead and 
two living. June Four are dead and one dying. 


matter, from the nest. The surface covered with pebbles and bits coal. Near 
the edge few grass stalks are growing, and, scattered over the surface, few stalks 
dead grass are standing. Greatest length, in.; greatest width, in. 


June 16, 1908. Fifteen males, captured just after copulation, 
are confined Janet nest. June are alive. June 
are alive. June 19. One dead, one dying, and 
thirteen are alive. This series was interrupted forced ab- 
sence from the laboratory. 

each the above cases male died until least two 
days had elapsed after copulation, and, each case, some the 
males lived for several days. 

Females captured immediately after copulation and confined 
Janet nest, often did not shed their wings until least two 
days had elapsed. This not harmony with the belief that 
all female ants shed their wings the evening the day 
which copulation occurs. 
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CONCLUSIONS. 


the mating time, the females Pogonomyrmex badius 
and the numerous workers roam about their home mound; 
but the males fly away. 

The broad, barren mound, situated the midst vegeta- 
tion, arrests the males their flight and thus promotes cross- 
fertilization. 

small, low weed; but never the wing. 
happens the mound but, sometimes, occurs the adjacent 
grass. 

The same female may impregnated several males, and 
the same male may serve several females. 

The male does not die until several days after mating. 

The nest openings are closed the ants the close 
every day. 

SUMMER HIGH SCHOOL, 

Mo., 


April 1909. 
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CONTACT ORGANS THE KILLIFISHES 
WOODS HOLE.' 


NEWMAN. 


former the writer had occasion describe certain 
interesting structures occurring secondary sexual character 
the spawning males four species occurring 
the waters about Woods Hole, Mass. These structures were 
designated the writer venturing use new 
term for the reason that very similar structure had been pre- 
viously described. Contact organs seem have somewhat 
similar function that the pearl organs other authors, but 
structure they are utterly different. 

Although these little organs have been observed only four 
species, seems highly probable that they may prove 
characteristic the and hence some systematic 
importance. 

OccuRRENCE. 


Contact organs are found all spawning males the follow- 
ing four species: Fundulus heteroclitus, diaphanus 
and Cyprinodon variegatus. 

They occur regularly the following regions 

the rays the dorsal and anal fins. 

Onthe ventral fins heteroclitus and diaphanus. 

the margins the scales the sides, cheeks, snout 
and top head. they also cover the back from 
the head the dorsal fin. 

These are the regions the males that come into most intimate 
contact with the female during the spawning act proper during 
the preliminary courtship. Differences the details the 
distribution these organs among the species are closely cor- 
related with differences the spawning attitude. 

Fundulus heteroclitus the spawning takes place pairs, 

from the Laboratory, University Texas, No. 97. 


*H. Newman, BIOLOGICAL BULLETIN, Vol. XII., No. 
170 
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female being clasped only one male time. The two 
bodies are closely pressed together side side, the tails turned 
considerably one side and the heads the other. The male 


Photographs showing scales with and without contact organs, 12. 
Fic. from the side large male 
Fic. from corresponding part the body large female 


clasps the female securely about the body back the dorsal and 
anal fins, using claspers his large, strong dorsal and anal. 
For additional security the small ventral fins the sides con- 
tact are locked. the body the points contact are 


Photographs showing scales with and without contact organs, 12. 

Fic. from the lateral line region between the dorsal and anal fins 
spawning male Cyprinodon 

Fic. Scale from similar location spawning female Cyprinodon 


the region the sides between dorsal and anal fins and the side 
the head, which bent sharply against that the female. 
The distribution the contact organs detail just what might 
expected the supposition that the name given them apt. 
The organs are largest and most numerous the proximal 
parts the dorsal and anal fin rays and rather narrow zone 
the body immediately between these two fins. They are fairly 
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large and numerous the sides the head and the ventral 
fins, and comparatively small and scattering the sides anterior 
and posterior the point greatest pressure. 

The distribution the contact organs diaphanus strik- 
ingly like that just described for The spawning 
attitude has not been observed, but, from analogy, one might 
fairly certain that closely resembles that the latter. 

seldom spawns captivity and when the former 
paper was written the writer had never observed case spawn- 
ing this species. During the following summer, however, 
several instances this phenomenon came under observation. 
majalis does not seem spawn pairs, but two more males 
cooperate with single female. one instance many five 
males were seen piled heap female. The 
whole mass was strong vibration and the surrounding water 
was clouded with milt. Although the exact details the spawn- 
ing attitude could not made out any occasion, certain 
that the points contact are much less restricted than 
The nearest males clasp convenient parts the 
female and the outer males seemed clasp the inner ones 
crowd their bodies into the mass backforemost. The distribution 
contact organs accords with this rather promiscuous manner 
spawning. They are largest most numerous dorsal 
and anal fins and zone the body between these fins. 
There are none the ventral fins they could not locked 
spawning. the dorsal surface body and head, cheeks 
and snout, they vary size and abundance, but many speci- 
mens the ventral surface the body and the ventral and pectoral 
fins are the only parts not provided with them. 

Cyprinodon variegatus, small species with decidedly com- 
pressed body, spawns pairs much the same fashion 
heteroclitus, but the short body and very flat sides give 
greater area between male and female. Corresponding 
with this greater area contact the contact organs are more 
generally distributed over the body than any the other 
species. very high dorsal fin, however, they are restricted 
the proximal portion the rays, for only that portion can 
touch the sharp-edged back the female. They occur plenti- 
fully the smaller anal and ventral fins. 
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all species the contact organs occur the top the head 
and upon the snout, places where there little direct contact 
inspawning proper. These regions, however, are used constantly 
contact surfaces during courtship and rivalry. During court- 
ship the male swims beneath the female and seems guide her 
about from place place gently her with the top 
sides the head. Rivalry least two the species, 
heteroclitus and Cyprinodon variegatus, very intense. Two 
males rush one another head and strike one another 
savagely with cheeks, jaws and snouts. Such contests may 


Camera drawings typical scales from the region between the dorsal and anal 
fins spawning males. 

Fic. heteroclitus, 16. 

Fic. diaphanus, 16. 

Fic. Enlarged detail drawing portion the exposed margin scale 
taken from the side male The black region represents the horny 
margin the growing region the scale that prolonged into spikes that support 
the contact organs. ‘The stippled area represents the dermis. The clear outside area 


represents the epidermis. The striated portion the non-calcified portion the 
scale, 30. 


kept intervals for days. number specimens were ex- 
amined after they had been engaged combat for some time 
determine the effect fighting upon the contact organs. all 
cases the latter were found much worn, many showing the 


supporting spike stripped dermis and epidermis. Apart from 
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this damage seems have been suffered. doubt the 
violent contact these organs somewhat painful both par- 
ties the struggle, for, judging their nerve supply, they must 
very sensitive. 

For diagrams showing the average distribution contact 
organs spawning males the four species see Text Plate 
the paper previously referred to. 


ARRANGEMENT AND CONTACT ORGANS SCALES 
AND 


the the height the spawning season they 
occupy the entire free edge the scales which they occur, 
standing out like curved fingers angle about thirty de- 
grees from the flat surface the scale. The scales the body 


Fic. Camera drawing the head male Fundulus with 
complete equipment contact organs. Notice that the latter occur fairly regular 
intervals along all free margins the scales, 


proper have only arc their circumference free and hence 
can produce contact organs only this free surface (see Figs. 
the head and cheeks, however, many the 
scales are plate-like with the whole circumference free. the 
latter case contact organs occur around the whole 
shows detail the distribution the organs the head typical 
male which the scales show varying amounts 
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free margin. The only scales with entirely free margin shown 
here are certain small ones the snout. top the head, 
however, there are several large plates with the entire margin 
free. 

the Fig. camera drawing showing the distri- 
bution the organs the anal fin large male 
will noted that they are largest and most numerous the 
ends the rays the small ventral lobe, the part most closely 
pressed against the body the female spawning. They occur 


Fic. Camera drawing the ventral fin very large male 
The preparation was cleared strong KOH solution. 


branches from the bony fin rays, usually one two the 
joint, and frequently form clusters the distal end the rays 
where branching occurring. Fig. shows condition this 
sort one ray the fin shown the previous figure, where 
was impossible show all the elements the terminal cluster. 
The portion represented solid black the bony portion. 
will noted also that the majority the contact organs are 
slightly hooked toward the base the fin. This position should 
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effective enabling the male hold the female more securely. 
some specimens the organs are restricted the 
small posterior lobe. From the few observations made thus far 
the spawning attitude this species would seem that 
many cases the anal fin can play only minor part clasping. 
Hence may that there present tendency reduce 
the number organs this fin. The writer takes occasion 
point out this weak spot the evidence favor the general 
conclusion that the distribution contact organs intimately 
correlated with the spawning attitude. The possible explanation 
may lie the fact that only very few observations have been 
made spawning this species, and the attitudes then seen may 
depart somewhat from those assumed the open. All observa- 


Fic. Camera drawing 12) the distal portion single ray from the 
posterior lobe the anal fin spawning male The solid black repre- 
sents the osseous structure fin ray and contact organs, the single line the boundary 
the epidermal portions. 


tions agree, however, the promiscuity the spawning. 
both and Cyprinodon variegatus, which all the 
details the spawning attitude have been accurately determined, 
the correlation between spawning attitude and distribution the 
contact organs holds without exception. The relationship the 
organs the fin rays the same, with minor differences, all 
species studied. 

Structure. Attempts section the contact organs were dis- 
appointing. After complete decalcification there still remained 
the central supporting spikes crystals some hard substance, 
probably guanin, that resisted the knife edge and tore through 
the section. Fragments tissue from such sections revealed 
the fact that the epidermal covering was thin and the usual 
type and that the dermal layer was much thicker and was com- 
posed rather loosely arranged connective tissue, blood vessels 
and few nerve fibers. substitute method was found, how- 
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ever, that served reveal the essential histological structure 
almost well the usual method sectioning and staining. 
Scales fins were soaked for day more rather strong 
KOH solution. This treatment renders all tissues except the 
osseous parts quite transparent, that, carefully manipulat- 
ing the illumination, practically all details were revealed under 
low powers the microscope. 


o— 


Fic. Camera drawing 60) single contact organ ray the anal 
fin male cleared KOH The unshaded central portion 
represents the osseous portion fin ray and contact organ, showing the continuity 
the two. The stippled region the dermis overlying the osseous portions. The 
unshaded marginal portion represents the epidermis. 


the scales (see Fig. the spike-like core continuous with 
the newest layer osseous material, while the fins (see Fig. 
11) the core piece with the outer layer the fin rays. 
other respects the organs are alike both locations. Surround- 
ing the core which dense and hard, although somewhat elastic, 
thick layer dermis, more abundant near the tip the or- 
gan. The comparatively thin epidermis seemed stretched 
over the tip the organ and was frequently broken. Near the 
base, however, was thick thicker than the dermis that 
region. The difference between these structures and pearl or- 
gans may seen once the comparatively secondary impor- 
tance the epidermis and the core dermis with its osseous 
support. The pearl organ merely epidermal callosity. 
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ORIGIN, DEVELOPMENT AND DISAPPEARANCE. 


order determine how early the season the contact 
organs begin make their appearance, number specimens 
the two species most accessible, heteroclitus and 
were very kindly collected for Mr. Gray, the 
Woods Hole supply department. The results the examina- 
tion these specimens are shown the following tables 


heteroclitus males, collected April 27, 
No. of Specimens. Distribution of Contact Organs. 

few the posterior lobe the anal fin. 

Fairly numerous the tips nearly all the rays the 
anal fin. 

Plentiful the rays the posterior lobe the anal fin. 

Scattering distribution over nearly the whole area the 
anal fin. 

Numerous all the rays the posterior two thirds the 
anal fin. 

None. 


According these data the earliest appearance contact organs 
this species the anal fin, especially the posterior lobe 
the latter. They appear first upon the distal ends the rays 
and from there extend gradually toward the base. One tempted 
suggest correlation between the early appearance and the 
functional importance these organs. There seems 
doubt that the anal fin prime importance clasping. 


males, collected May 14, 
No. of Specimens. Distribution of Contact Organs. 
anal fin only. 
anal fins and the scales the body zone between the 
dorsal and anal fins. 


None. 


Specimens taken large numbers about two weeks later nearly 
all showed the full equipment contact organs. The develop- 
ment, therefore, very rapid one, taking place largely within 
fortnight. 

The conditions the other species were some- 
what different. Specimens collected April 27, 1907, showed 
contact organs. Those collected May the same year 
showed conditions tabulated follows 
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males collected May 14, 1907.) 


No. of Specimens. Distribution of Contact Organs. 

Fairly numerous the cheeks. 

cheeks, top head, and around eyes. 

cheeks, top head, around eyes, and few rudiments 
the body zone between dorsal and anal fins. 

Rudiments cheeks and around the eyes, few the tips 
the anterior rays the dorsal fin, 

Fairly numerous cheeks and around the eyes, scattering 


top head, few the dorsal fin, and numerous 
the body zone between the dorsal and anal fin. 

Numerous cheeks and around the eyes, scattering top 
the head, numerous body zone between the dorsal 
and anal fins, and the distal portions nearly all 
the rays the dorsal fin, and few the posterior lobe 
the anal fin near the tips the 

The order appearance the organs the various regions 
seems about follows: (1) cheeks and around the 
eyes, (2) top head, (3) the body zone between the 
dorsal and anal fin, (4) the dorsal fin, (5) the anal fin. 

Any attempt correlate this order appearance with the 
relative functional importance the organs the different regions 
meets once with serious difficulties. can hardly sup- 
posed that the organs the head region are more importance 
spawning accessories than are those the dorsal fin. The 
fact, however, that the organs the head are used the pre- 
liminary phases spawning, such courtship and rivalry, 
might better account for their early appearance. Thus the factor 
priority functioning might conceived outweighing 
functional importance. however, the opposite 
condition seems prevail. The difference may lie the fact 
that, the importance the fins claspers 
much more pronounced than 

The order appearance the individual contact organs 
the fin rays has been referred to. They appear first the dis- 
tal portion each ray, but, the ray increases length, those 
first formed are separated farther and farther from the tip the 
ray. Later they appear proximal those that were first formed. 

the scales the first organ appear always located the 
center the exposed arc the scale. Many specimens both 
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species taken April and May showed, certain regions, but 
one contact organ the scale. From the center they are pro- 
duced outward both directions. common condition observed 
specimens taken May was that one rather 
large organ the middle the free edge, flanked each side 
the center small organ. There abundant evidence that 
other organs may later intercalated between those first formed. 

The contact organs disappear for the season about six 
eight weeks after the close the spawning season. Specimens 
collected early September showed only the faintest traces 
the organs. Evidently, judging appearances these vestiges, 
they are partly worn off friction and partly resorbed. They 
leave permanent record themselves the angularly wavy 
outline the newest osseous ring the scales. such trace 
seems left the fin rays. 

Two possible functions might subserved the 
contact organs, that frictional surface the parts the body 
the male with which holds the female spawning, and that 
contact sensation. That the former function well subserved 
evidenced the roughness that one notes with the fingers 
wherever the contact organs are well developed and numerous, 
and the fact that the male actually able hold the female 
quite firmly for several seconds. The fighting males are able 
inflict any real injury upon one another means the contact 
organs highly improbable, although they strike one another 
fiercely with parts well armed with the latter. That scales and 
fins are decidedly sensitive contact well known. Micro- 
scopic examination these parts, prepared special neurolog- 
ical methods, failed show that the contact organs were any 
more richly enervated than the rest the free edge the scale 
the general surface the fin. probably true, however, 
that the projecting position the contact organs renders them 
more subject contact sensation than the surrounding flat 
regions scales and fins. 
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